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CHAPTER |
INTRODUCTION

1-1, PURPOSE OF EQUIPMENT

The Milgo Electronic Corporation (MEC) Model 74 Data Transmitter receives digital
information and control signals from a Data Communication Channel (DCC), formerly
referred to as a Real Time Channel (RTC). The Transmitter accepts this information
one bit at a time in a serial format and converts it into keyed tone bursts, which are
transmitted over 3kc telephone voice lines. In normal operation, the Transmitter works
in conjunction with the MEC Model 75 Data Receiver, Provisions are made within the
Transmitter for several test modes of operation so that the Transmitter and other
associated equipment, can be tested either with or without using the DCC.

1-2. SCOPE OF MANUAL

This instruction manual describes the MEC Model 74 Data Transmitter, designed
and manufactured by MEC, for International Business Machines, Federal Systems Divi-
sion, Kingston, New York, in conjunction with Project Mercury.

1-3, PURPOSE OF MANUAL

This instruction manual is provided as an aid to better understanding of the oper-
ation and theory of the MEC Model 74 Data Transmitter and its associated equipment.
It offers a complete technical explanation coupled with applicable illustrations. It is
necessary that the operator, or any person involved in the operation of this equipment,
thoroughly read and fully understand the contents of this manual.
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Figure 1-2.
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CHAPTER I
GENERAL DESCRIPTION

2-1. GENERAL

2-1.1. The MEC Model 74 Data Transmitter receives digital information one bit at
a time in a serial format from a DCC and converts this information into keyed tone bursts.
These tone bursts are then transmitted over a 3 kc telephone voice line.

2-1.2. The Data Transmitter generates four outputs.
a. A tone representing data.
b. A tone burst representing End of Word.
c. A tone burst representing Start of Word.

d. A pulse which signals the DCC to send the next
bit of data.

2-3, PHYSICAL DESCRIPTION

The Data Transmitter is contained in a standard MEC type 4 1F rack. This rack is
74 1/8 inches high, 22 inches deep, and 19 1/16 inches wide. The weight of the complete
Transmitter is approximately 500 pounds. All chassis are of modular construction and em-
ploy 50-pin connectors to effect the connection of each chassis to the rack wiring., The lo-
cation of each chassis is illustrated in Figure 1-2,

2-3. DATA COMMUNICATION CHANNEL OPERATION

2-3.1. The DCC sends two lines of information to the Transmitter: one line is for
data transfer, the other is a control signal to indicate that data is available.

2-3.1.1, The select and ready line is a signal for the Transmitter to send a
SOW tone burst and to start sampling the data line. The fall of select and ready is a signal
to send an EOW tone burst.

2-3.1.2. The data line is that portion of the output of the DCC that is to be
transformed into tone bursts for transmission. '

2-3.2. The DCC receives a shift request pulse from the Transmitter, which requests
the next data bit,

2-4. INPUTS

2-4.1. Signal Inputs - The Model 74 Data Transmitter receives information from the
DCC through J17 at the rear of the rack. Select and ready enters J17 through pin C. When
the Transmitter is selected, the received level is 8 volts £0. 5 volts. When the Transmit-
teris deselected, the receivedlevelis 0 volts £0, 5 volts, Data levels are 8 volts £0. 5 volts
for a "1", and O volts 0.5 volts for a "0'". The data level is achieved within 10 microsec-
onds of the select and ready line, and attains the next data bit level within 10 microseconds
after the previous shift request,
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2-4.2. Power Inputs - The Transmitter receives a-c power through J15 at the rear
of the rack, It operates on 120 vac, 60 cycles, *10% at less than 10 amperes.

2-5. OUTPUTS

2-5.1, The shift request output to the DCC is a 10-microsecond pulse, sent out
through J17, pin A, It is a positive-going pulse, going from approximately -10 volts to
0 volts., A '"0" is approximately -10 volts, and a "1" is 0 volts.

2-5.2, The Transmitter has 4 isolated outputs that feed 600-ohm transmission lines.
Each of these outputs is adjustable from -30dbm to +10dbm. The table below shows the pin
numbers of J16 that the outputs are routed to.

Keyer Pin
1 A and
2 E and G
3 J and L
4 N and
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CHAPTER Il
THEORY OF OPERATION

3-1. GENERAL

3-1.1. The MEC Model 74 Data Transmitter is designed to accept digital infor-
mation serially, and transmit it serially over 600 ohm 3kc telephone lines at a lkc bit
rate., The Transmitter consists of circuitry which accepts one source of information,
and converts it into a form suitable for driving four independent Keyers that transmit
information over four separate telephone lines. It accepts one line of data from a DCC
and drives two Detectors in parallel. Each Detector inserts information into a variable
Delay Shift Register, Although each Shift Register drives two Keyer Chassis, the input
to each Keyer is taken from the Delay Shift Registers independently, thereby delaying the
information to each Keyer independently,

3-1,2. For increased reliability, the Data Transmitter contains two MEC Model
165-4C Power Supplies. These supplies are isolated from each other, and should a
faijlure occur in one supply, it will not place an additional load on the remaining supply.
Power Supply A is the source for one-half of the system consisting of the one-half of the
Test-Control Chassis, Detector A, one Delay Shift Register, and Data Keyers #1 and #2.
Power Supply B controls the second half consisting of the other half of the Test-Control
Chassis, Detector B, the other Delay Shift Register, and Data Keyers #3 and #4.

3-1,3. The output of a Keyer Chassis is shown in Figure 9-15. Although the pat-
terns shown are test patterns, the tone bursts are the same as those triggered by actual
data,

3-2, OPERATE MODES
3-2.1, System Operation

3-2.1,1. Operation of the Data Transmitter is conducted in this mode, and all
redundancies built into the system are in operation. The timing for the Transmitter
is controlled by a 1 kc tuning fork in the Test-Control Chassis. In the case of a failure in
the tuning fork or its associated circuitry another tuning fork is automatically switched
into operation.

3-2.1.2, The data and select and ready lines are routed through the Test-
Control Chassis intc the two Detector Chassis. The data is processed in the Detector
Chassis and sent to the Delay Shift Registers. Once the data has been delayed, by the

amount of time selected by the operator, the data and EOW signals are fed into the Keyers,

where they emerge as tone bursts for transmission,

3-2.2. Loop Test Operation - This Model is used to test the MEC Model 74 and the
MEC Model 72 Data Receiver simultaneously. The output of the Model 74 Data Trans-
mitter is fed directly into the Model 74 Data Receiver and data is fed back into Computer
for comparing itagainst the data sent by the Computer. The MEC Model 74 Transmitter
is placed in the UPERATE mode for this test.
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MASTER SELECTOR Switch, S506, is in the OPERATE position. .

3-3., TEST MODES

3-3.1, Monitor Test - This test mode is similar to the operate mode, except for
the inputs to the Transmitter. Both the select and ready level and the data pattern are
generated internally in the Transmitter. (Select and ready is cycled approximately once
every 700 milliseconds. The data pattern is controlled by the TEST DATA switch, $507,
on the front panel of the Test Control Chassis.) In this mode the monitor circuit may be
tested by closing the MONITOR TEST switch, S505, on the front panel of the Test Control
Chassis. This switch interrupts the output of Clock A, enabling the operator to ascer-
tain if Clock B gains control of the Transmitter. If this is the case, the RESET push-
button, S503, should be pressed to place the Transmitter under the control of Clock A,

3-3.2. Clock A - In this test mode, Clock B is disconnected and Clock A is locked
into control. Select and ready is cycled approximately once every 700 milliseconds, and
the data pattern is controlled by the TEST DATA switch.

3-3.3. Clock B - This test mode is similar to the preceding test mode except that
Clock B is locked into control.

3-3.4. Manual A - This tes. mode allows for manual insertion of data, bit by bit.
Select and ready is controlled by the TEST SELECT & READY toggle switch, $504. Data
is controlled by two pushbuttons on the front panel of the Test Control Chassis. Push-
button, S501, inserts ''1's, and pushbutton, S$502, inserts '""0'"s. In this mode, bothclocks
are disconnected, but the data entry and shifting is entered through the circuitry normally ‘
controlled by Clock A.

3-3.5. Manual B - This test mode is the same as Manual A except that data entry
and shifting is entered through the circuitry normally controlled by Clock B.
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3-4. TEST CONTROL CHASSIS, MEC MODEL 74-5A (Figures 3-1, 9-3 and 9-4)

3-4.1. Operate Mode

3-4.1.1. The Test-Control Chassis provides the control and test functions
for driving the Transmitter. In the operate mode, the MASTER SELECTOR switch,
S506, is in the OPERATE position. Select and ready enters the chassis on pin 3, is
routed through S506D, and leaves the chassis on pins 6 and 7 to the Detectors. Data
enters on pin 4, is routed through S506E, and leaves the chassis on pins 8 and 9 to the
Detectors.

3-4.1.2. TF501 and TF502 are 1 kc tuning forks. These tuning forks drive
into N505 and N508 respectively, which amplify and square the signals and provide posi-
tive feedback to the tuning forks to sustain oscillation. The outputs of N505 and N508
are the triggers for N506 and N509, two 200 microsecond one-shots, which are used to
trigger three circuits in each Detector. On the leading edge of the one-shot (Figure
9-15, waveform a.), a trigger is sent to generate a shift request pulse which is then sent
back to the DCC to request the next data bit. (The first shift request pulse, generated
after the rise of select and ready is blocked from the DCC; this insures that the first
data bit is sampled.) The shift request pulse generated in Detector A is monitored by a
circuit which drives relay K501. When this shift request pulse is being generated, K501
is energized, and the outputs of N509 drive the Transmitter. If the shift request pulse
fails, K501 drops out and the outputs of N506 drive the Transmitter. The shift request
pulse coming from Detector B now goes to the DCC.

3-4,1.3. Two other triggers exist in addition to the shift request triggers
sent to each Detector. One is sent to each Detector to generate a sample pulse (Figure
9-15, waveform b.), and one is sent to each Shift Register Chassis to trigger the core
drivers (Figure 9-15, waveform c.). These two latter triggers are sent to the other
chassis after passing through K501. This action results in only one clock driving the
Transmitter., The timing sequence is such that a shift request pulse occurs simultane-
ously with the core shift, and data is sampled 200 microseconds later. (See Figure 9-2,
Timing Diagram.)

3-4.1.4. The CLOCK SELECT switch, 5508, is a manual override switch
for the monitor circuit. If the monitor should fail during operation, and one of the clocks
should also fail, the operator can give control of the system to either clock. The clock
ready lights, DS501 and DS502, are on when their respective clocks are operating.
Switch S508 is connected into the relay circuitry only in the operate mode. The MONI-
TOR INDICATOR, 1501, is connected through relay K501. This indicator will light when-
ever the relay is de-energized, giving the operator a clear indication of trouble. The
indicator is also connected to the manual override switch. If the override is not in the
AUTO position, the lamp will glow.

3-4.2. Monitor Test - The Model 74 Data Transmitter operates essentially the
same in monitor test mode as in the operate mode, except that data is generated intern-
ally, as is select and ready. The shift request pulse is used by flip-flop N507 as a
count input. The output of this counter is connected to the TEST DATA switch, S507.

The output of N507 is a 20 volt square wave going from -20 volts to 0 volts. If a ''1-0"
pattern or a ''0-1'" pattern is selected, this square wave is fed into N501B and N502B,
where the level is changed to 0 volts and +12 volts, respectively. If a '"1'" pattern is se-
lected, the input to N501B is held at 0 volts. If a ''0" pattern is selected, the input of
N501B is controlled by a one-shot in the '"B'' detector chassis. (An all "0" test pattern
actually contains a '"1" approximately 100 microseconds after SOW and every 100 micro-
seconds thereafter.) The output of N507 is also fed into the Detector B Chassis in order
to reset the select and ready level at the correct time. Select and ready enters the Test-
Control Chassis as a -20 volt level for approximately 100 milliseconds, followed by a 0
volt level for approximately 600 milliseconds. These levels are converted to a 0 volt and
a +12 volt level, respectively in N501A and N502A. In the monitor test mode, switch S506
is connected in series with the output of N508. This allows Clock A to be interrupted,
enabling Clock B to be switched in. The MONITOR RESET switch $503 must then be
pushed to reset the monitor circuit at which time Clock A will resume control,
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3-4.3, Clock A - In this test mode, Clock B is disconnected and Clock A is locked
into control. The remainder of the chassis operates as it does in the monitor test mode.

3-4.4. Clock B - This test mode is similar to Clock A, except that Clock B is
locked into control.

3-4,.5. Manual A Test

3-4.5.1. In this test mode, both clocks are disconnected. Data and select
and ready are controlled manually, data being controlled by the SHIFT ONE and SHIFT
ZERO pushbuttons, S502 and S501, and the select and ready being controlled by toggle
switch S504. When S504 is closed, relay K502 is closed and applies +12velts to the se-
lect and ready lines. Switch S501 is pushed for a shift '"1'"", which triggers one-shot N503.
The output of this one-shot N509 and also holds the input to N501B at 9 volts, which is a
“1" input. Switch S502 is pushed for a shift ''0", which triggers one-shot N504. The output

3-4.5.2. In the Manual A mode, the outputs of N509 are reversed, providing
a timing sequence of sample, then shift; rather than shift, then sample.

3-4.7. Manual B Test - This test mode operates in a similar manner as Manual
A, except that N506 is triggered instead of N509.

‘#‘ A B
TEST-CONTROL @ CLOCK @
READY

CLOCK A CLOCK B AUTO

MONITOR TEST ™~ \ / P MANUAL A A £ "
0 OPERATE i’— MANUAL 8

MONITOR MASTER SELECTOR CLOCK
INDICATOR SELECT

0 RESET o——- MONITOR —. TEST -

TEST = MODE

o o
SELECTED ' \ e

—— BHIFT ———
DESELECTED \
0 TEST
TEST SELECT DATA
& READY ZERO ONE 245k

Figure 3-1. Test-Control Chassis

3-4
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3-5. DETECTOR A CHASSIS, MEC MODEL 74-3A (Figures 3-2, 9-5 and 9-6)

3-5.1. General - The Detector A Chassis accepts information from the DCC,
changes its form, and feeds it into the Delay Shift Register Chassis, which drives
Transmitters 1 and 2. The Detector A chassis has six outputs: SOW pulses, data
pulses, EOW pulses, artificial ""1'"s, shift request pulses, and a relay driving level
for switching clocks in the Test Control Chassis.

3-5.2. SOW, EOW, Data Artificial "1" Circuitry

3-5.2.1. SOW is generated by N322, a 20 microsecond one-shot. When Se-
lect and Ready rises, it is inverted twice by N302A and N302B. The output of N302B
(pin 5) is differentiated by C312 and R323. This output level is changed since R323 is
referenced to -3.5. volts. The positive spike triggers N320, a TN90B flip-flop, causing
pin 5 to go from -20 volts to 0 volts. The next shift request pulse from the Test Control
Chassis now overcome the bias on CR324 and triggers N321, a 200 microsecond one-shot.
When pin 5 of N320 is at -20 volts, the shift request pulse is not sufficient to over-
come the bias on CR324 and N321 is not triggered. When N321 times out the pin 5
output goes from -20 volts to 0 volts and N322, a 20 microsecond one-shot is triggered,
inserting a '"'1" in the SOW bank of cores in the Variable Delay Shift Register A. When
N322 times out, the pin 5 output resets N320.

3-5.2.3. N313 is a 20 microsecond one-shot connected in series with the aux-
iliary winding of the first data core which is, in turn, connected to pin 6 of emitter fol-
lower N319 through diode CR312. Pin 6 of N319 is at -20 volts when the incoming data
is at 8 volts, which is a "'1" level. When N313 fires, pin 7 goes from -20 volts to 0 volts
(Figure 9-15, waveform e.). Since pin 6 of N319 is at -20 volts for an incoming "1",
current flows through the auxiliary winding, and a ""1'" is inserted. If the incoming data
is a ""0", pin 6 of N319 is at 0 volts and CR312 is back-biased. When N313 fires, pin 7
again rises to 0 volts, but no current flows in the auxiliary winding and a "'0" is inserted.
When select and ready falls, N311 is set, with pin 5 going to -20 volts and pin 8 going to
0 volts.

ht

DETECTOR

eissescsssiss v |

!
!

-

®

74-3A
Figure 3-2. Detector A Chassis
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3-5.2.4. The sample trigger is now steered away from N313, since CR306 is
back biased, and is coupled to N308 through CR307., N308 is a 20 microsecond one-shot
that is fed into the regular input of the first data core (Figure 9-15, waveform d. ). Thus,
when select and ready is down, artificial "1'"s are generated and the data one-shot is dis-
connected. With the fall of select and ready, flip-flop N303 is set, causing pin 8 to goto 0
volts. This causes CR301 to be back biased by 2 volts.

3-5.2.5. When the first artificial '"1" pulse is generated, it fires N304, a 20
microsecond one~shot. This pulse is inserted into the first core of the EOW Delay Shift
Register, and also resets flip-flop N303. Pin 8 of N303 now goes to -20 volts, which back
biases CR301, keeping N304 from firing again until select and ready rises and then falls.
In this manner, only one EOW is generated per word.

3-5.2.6, Flip-flop N307 steers theshift trigger pulses. N307 is reset with the
rise of select and ready, pin 5 going from -20 voitis to 0 volts, and pin 8 going from O volts
to -20 volts. CR304 is now back biased by 20 volts and CR303 is back biased by 2 volts.
Since the shift trigger is less than 20 volts, CR304 will not open, however, CR303 allows
the pulse to go through.

3-5.2.7. Flip-flops N309 and N310 are used as an anti-sliver circuit. When
select and ready rises, N309 is reset, pin 5 going to 0 volts, and pin 8 going to -20 volts.
N310 is in the set condition, with pin 5 at -20 volts. The first shift trigger to arrive, sets
N309, causing pin 8 to go to 0 volts. This positive-going pulse is coupled through capaci-
tor C314 and resets N310, causing pin 5 to go to 0 volts, This changes the back bias on
CR305 to 2 volts instead of 20 volts. The second shift trigger now opens CR305 and trig-
gers N318, a 10 microsecond one-shot. The output of this one-shot, pin 8 (Figure 9-15,
waveform f.), is the shift request pulse that is sent to the Test-Control Chassis.

3-5.3. Monitor Circuitry

3-5.3.1. The output of N318 is monitored so that if a shift request failure oc-
curs, the Model 74 Data Transmitter will switch over to the redundant circuit in Detector
B. The monitor circuit consists of one-shot N314, pulse amplifier N315, one-shot N316,
and flip-flop N317, It operates as follows: the shift request pulses from N318 trigger
N314, a 500 microsecond one-shot. The output of this one-shot is inverted and has its
level changed by N315. Thus, the output of N314 is a 500 microsecond negative-going
pulse from 0 volts to -20 volts, and the output of N315 is a positive-going pulse from -10
volts to +12 volts. When pin 4 of N315 is at +12 volts, CR309 conducts, holding pin 6 of
N316 at +12 volts. Pin 6 is the positive side of the timing capacitor of one-shot N316,
This means that as long as CR309 is conducting, N316 is in its unstable state, and will
revert to its stable state at some delay time after CR309 opens.

3-5.3.2. If shift request pulses are not being generated, N314 is not trig-
gered and CR309 stays open. N316 then completes its time delay and pin 5 goes from
-20 volts to 0 volts., Flip-flop N317 is then reset; pin 8 going from 0 volts to -20 volts.
Pin 8 is connected in series with a relay in the Test-Control Chassis which is tied to -20
volts. When pin 8 of N317 is at O volts, the relay is energized and allows the shift request
pulse from Detector A to go to the DCC. When pin 8 of N317 goes to -20 volts, the relay
drops out and the secondary shift request pulses begin operating.
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3.5.3,3, After N317 is reset by N316, it must be returned to its set condi-
. tion by pushing the RESET pushbutton S503, on the front panel of the Test-Control Chassis,
This sends a positive pulse to pin 3 of N31/, causing pin 8 to go to 0 volts,
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3-6. DETECTOR B CHASSIS, MEC MODEL, 74-3B (See Figures 3-3, 9-7 and 9-8)

3-6.1. The Detector B Chassis converts data from the DCC and inserts it into a
Variable Delay Shift Register which drives transmitters 3 and 4. This chassis essentially
runs in parallel with Detector A. The data, SOW and EOW outputs from Detector B are
inserted into Shift Registers where they are delayed before driving transmitters 3 and 4.
This operation is entirely independent of Detector A, which furnishes data, SOW and EOW
signals to transmitters 1 and 2. Also included in this chassis is the circuitry for generat-
ing the Test ZERO Data Level and the secondary Shift Request pulse.

3-6.2. There are eight outputs from the Detector B Chassis. A SOW pulse is gen-
erated for insertion into a shift register when Select and Ready rises; an EOW pulse is
inserted at the fall of Select and Ready. Data is sampled and inserted also. Artificial ''1"s
are generated when the Model 74 is not selected. The data level for an all ''0" test pat-

tern is generated in this chassis. (An all "'0" has a "1'" approximately every 100 micro-
seconds.)

NOTE

Artificial "1'"s are identical to data "1"s
but are transmitted when the Data Trans-
mitter is deselected. The Model 75 Re-
ceiver utilizes these artificial '"'1'" to
maintain correct AGC levels and to keep
in synchronization with the Data Trans-
mitter.

- b

DETECTOR

o

74-3B

Figure 3-3. Detector B Chassis

3-9
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3-6.4. Test Select and Ready is generated in this chassis. When in a test mode, ‘
the Test Select and Ready so that periodically rises and falls so that SOW, EOW and
Selected data can be generated.

NOTE

In normal operation the Data Trans-
mitter transmits to the MEC Model
75 Receiver, which does not use a
SOW signal. When loop testing, how-
ever, the Data Transmitter transmits
to a MEC Model 72 Receiver, which
requires an SOW signal.

Test select and ready is also cenerated in the Detector B Chassis, operating in the Mon-
itor Test, Clock A, or Clock B modes. This is used to raise and lower select and ready
periodically for testing purposes.

3-6.5. N310 is a flip-flop used for steering purposes. It is set by the fall of se-
lect and ready and reset by the rise of select and ready. Sample trigger pulses enter
continuously on pin 8 of TJ301 (Figure 9-15 waveform b.), and are timed to arrive 200
microseconds after the Delay Shift Registers have shifted. When select and ready rises,
pin 5 of N310 goes to 0 volts and pin 8 goes to -20 volts. This puts -20 volts on the anode
of CR306, while the cathode is at -0.3 volts. The anode of CR308 is at -2 volts while the
cathode is at -0.3 volts. Since the sample trigger is less than 20 volts, it does not pass
through CR306, but does pass through CR308, triggering N313.

3-6.6. N313 is a 20 microsecond one-shot that is connected in series with the aux-
iliary winding of the first data core which is, in turn, connected to pin 6 of N312, through ‘
CR307. Pin 6 of N312 is at -20 volts when the incoming data (a '"1") is at 8 volts. When
N313 fires, pin 7 goes from -20 to 0 volts (Figure 9-15 waveform e.). Since pin 6 of N312
is at -20 volts for an incoming "1", current flows through the auxiliary winding, and a '"1"
is inserted. If the incoming data is a '""0", pin 6 of N312 is at 0 volts, and CR307 is back
biased. When N313 fires, pin 7 again rises to 0 volts, but current does not flow in the aux-
iliary winding and a ''0" is inserted. When select and ready falls, N310 is set, with pin 5
going to -20 and pin 8 going to 0 volts. The sample trigger now is steered away from N313,
since CR308 is back biased and is coupled to N311 through CTR306.

3-6.7. N311 is a 20 microsecond one-shot fed into the regular input of the first data
core {Figure 9-15 waveform d.). Thus, when select and ready is down, artificial '"1"s are
generated and the data one-shot is disconnected. With the fall of select and ready, flip-flop
N303 is set, causing pin 8 to go to 0 volts. This back biases CR301 by 2 volts, When the
first artificial "1" pulse is generated, it fires N304, a 20 microsecond one-shot. This
pulse is inserted in the first core of the EOW delay shift register and also resets N303,

Pin 8 of N303 now goes to -20 volts, which back biases CR301, keeping it from firing
again until select and ready rises and then falls. In this manner only one EOW is gen-
erated per word.

3-6.8. N305, N306, and N307 comprise the shift request circuitry. When select and
ready falls, flip-flop N306 is set, and pin 5 goes to -20 volts, back biasing CR303 by 20
volts. Thus the shift trigger, which is less than 20 volts, cannot fire N305, a 10 micro-
second one-shot. When select and ready rises, flip-flop N307 is reset; pin 8 going to -20
volts and pin 5 going to 0 volts. The next shift trigger that comes in, sets N307, causing
pin 8 to go to 0 volts. This positive-going signal is a-c coupled through capacitor C309
and resets N306. Pin 5 of N306 now goes to 0 volts. allowing the next shift trigger to fire
N305. The output of N305 is a positive-going pulse going from -20 volts to 0 volts (Fig-
ure 9-15 waveform £f.). This is the shift request pulse which is fed into the Test-Control .
Chassis. N306 and N307 thus assure the first shift request trigger does not fire N305.
They also delay sending the first shift request pulse for at least one millisecond, after the
rise of select and ready. N306 and N307 are called an anti-sliver circuit, the purpose of

3-10
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which is to prevent the generation of a shift request until the first data bit is sampled at
least once.

3-.6.9. For generating SOW, liip-flop N319, is triggered with the rise of Select
and Ready, causing pin 5 to go to 0 volts. On the next core drive trigger N314 is trigger-
ed through the AND gate consisting of R357, R358, C331 and CR319. When N314 times
out 200 microseconds later, N318, a 20 microsecond one-shot, inserts a '"1" into the
SOW shift register. The trailing edge of N318 then resets N319 causing pin 5 to return
to -20 volts and inhibits N314 from being triggered on the next core drive trigger.

3-6.10. Networks N315 and M316 are used to generate a cyclic Test Select and
Ready. These TN's are both one-shots which are cross-connected so that the trailing
edge of N315 triggers N316 and vice-versa. Network N316 has a time period of approx-
imately 600 microseconds, and N315 has a period of approximately 100 microseconds.
When pin 7 of N316 goes positive, it resets N317, causing pin 5 to go to 0 volts. This
0 volts is then sent to the Test Control Chassis at the rise of Select and Ready. When
the Model 74 Data Transmitter is in the Monitor Test, Clock A, or Clock B modes, the
output of a counter driven by the shift request pulse is fed into Detector B Chassis. The
output of this counter is switched from one collector to the other when going from a '"0-1"
test pattern. After pin 5 of N316 goes to 0 volts, the next positive-going voltage coming
from the counter in Test-Control, sets flip-flop N317, causing pin 5 of N317 to go to 20
volts. The output of pin 5 is fed into Test-Control and is raised to a higher voltage lavel
to simulate the rise and fall of select and ready.

3-6.11. The counter that triggers N317 also supplies the data level in the Test-
Control Chassis. If the data pattern is ''1-0' and N316 has just completed its time de-
lay, sending the voltage at pin 5 of N316 to 0 volts, the output of the counter fed to De-
tector B Chassis is taken from the same collector as that fed into the data line. If, in
addition, a '"'1" was just sampled on the data line, a shift request will occur and the count-
er will reverse its output, causing a negative-going voltage to appear on the test se-
lect and ready reset line. The data is sampled 200 microseconds later, ard will show
a ""0" 800 microseconds after sampling. Another shift request will occur. The counter
input to the data lines will now show a ''1". However, this same '"1" caused a positive
spike at pin 6 of N317 and set N317. Pin 5 on N317 now becomes negative and select and
ready falls. Select and ready will fall before the next sample time; therefore, the last
data bit sampled will be a '"0", and a ''1-0" pattern is created. For a "0-1'" pattern, the
opposite output of the counter is fed to N317, while the same output is fed to the data line,
and a "1" is the last bit sampled. N315 then completes its time delay, triggering N316.
When N316 is triggered, N317 is reset, causing select and ready to rise; then the cycle
is repeated.

3-6.12. When N317 is reset, the d-c gating input to N320 and N323 is raised.
N320 and N323 are 10:1 counters that provide an output pulse when the pulse inputs have
been pulsed 10 times. When the pin 6 inputs to N320 and N323 are raised to 0 volts,
the counters are inhibited. When N317 is set, the gating inputs to N320 and N323 are
lowered and the inhibit function is removed. The trailing edge of N313 then triggers N321,
115 microsecond one-shot. This one-shot pulses N320. The output of N320 then pulses
N323., This gives a 100:1 countdown. When N323 fires, it triggers N322 and inserts a

"1'" in the test data word. In this manner a '""1" is inserted every 100 milliseconds when
in an all '0" test pattern.
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3-7. DATA KEYER, MEC MODEL 71-12A (Figures 3-4, 9-9 and 9-10)

3-7.1. The Data Keyer has three signal inputs: SOW, data, and EOW. All of these
inputs are positive going pulses of 10 volts amplitude and of approximately 10 microseconds
duration. By proper adjustment, the Keyer responds to these pulses by transmitting bursts
at a frequency of 2kc for 2 1/2 milliseconds for SOW, 1/2 millisecond for data, and 4 1/2
milliseconds for EOW, respectively., In addition, the Keyer is designed to permit record-
ing of the data and, if desired, to accept the data from a recorder instead of the normal
input pulses.

3-7.2. When any of the one-shots, N1201, N1202, or N1203, are triggered, its pin 5
goes from 0 volts to -25 volts. The outputs of these one-shots are "OR' gated, the gate
consisting of resistor R1201, and diodes CR1201, CR1202, and CR1203. When one or more
of these one-shots are triggered, the grid of V1201A goes to -25 volts, and V1201A is cut
off. This allows the magnetic field built up around inductor L1201 to collapse, and the tank
circuit of inductor L1201, and capacitors C1202, and C1203 starts ringing. These oscil-
lations are sustained by V1201B, shaped by L.1202 and C1204, and are then amplified by
V1202A. After amplification, they are fed into V1202B where equal and opposite outputs
appear on the plate and cathode. These outputs are fed into V1203, a twin triode, which is
operating push-pull. T1201 is used to match the push-pull output to a 600 ohm transmis -
sion line. For stabilization and reduction of distortion, a negative feedback circuit, con-
sisting of C1208 and R1217 is utilized. To attenuate the signal for recording purposes,
Cl1209, R1218, and R1219 are used. The frequency of the output is adjusted (normally to
2000 cps) by varying 1.L1201. Connected in parallel with 1L1202 and C1204 is a resistor used
for compensating any deviation of L1202 and C1204 from their stated values. The value of
this resistor is determined during testing procedures.

3-7.3. If it is desired to transmit signals that have been recorded, K120l is ener-
gized, switching the input to V1202A from the internal oscillator to pin 9 of P1201 which is
connected to the output of a magnetic tape recorder. C1205 and R1208 are utilized as a
high pass filter to minimize hum and extraneous noise.

3-7.4. The high voltage Power Supply for the Data Keyer Chassis is contained in-

ternally, 120 vac, 60 cycles, entering on pins 39 and 40 of P1201. This passes through
T1202 and is rectified and filtered. V1204 and V1205 maintain a voltage reference for the

high voltage supply. F l

DATA KEYER

7-12A

Figure 3-4, Data Keyer Chassis
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3-8. VARIABLE DELAY SHIFT REGISTER, MEC MODEL 74-8A and MEC MODEL 74-8B
(Figures 3-5, 9-11, and 9-12)

3-8.1. The Variable Delay Shift Register delays data SOW and EOW to transmitters.
Network N2, N9 and N5 are blocking oscillators used to shift the magnetic cores used in the
Chassis. All three blocking oscillators trigger in parallel when a trigger pulse is applied
to pin 1 of P1. Data is shifted in cores M41 through M60 (not in that order). SOW is de-
layed in M12 through M20 and M22 through M29 (not in that order); EOW is delayed in cores
M2 through M1l and M30 through M39 (not in that order).

3-8.2. Data is inserted in the auxiliary winding of M49, artificial '""1'"s are inserted
into the input winding of M49, SOW is inserted in the input winding of M12, and EOW is in-
serted into the input winding of M2. The output of the last 17 cores in each string is con-
nected to two switches in addition to being run to the input of the next core in the string.
The data and EOW strings have three more cores than does the SOW string. Since each
core represents one time slot, data pulses and EOW pulses and EOW pusles are delayed
three time slots with respect to a SOW pulse. These three time slots allow for the 2.5
microsecond transmission of SOW from akeyer.

3-8.3. The switches used in the chassis are three-pole, 17-position rotary type,
with data routed through one pole, SOW routed through the second pole and EOW routed the
third pole. The switches are so wired that if a pulse is inserted into the data, SOW and
EOW strings simultaneously, the SOW pulse will appear three time slots ahead of data
and EOW.

3-8.4. The two switches have their respective stationary contact wired to the out-
put of the same time related core in each string. Since each switch is used to correct one
keyer to the Shift Register, the inputs to each keyer may be delayed independently of each
other. The rotary contacts of each switch then feed data, SOW and EOW to a keyer, and
EOW and data outputs one-shots in the chassis. These one-shots drive neon indicators
located on the front panel of each chassis and give a visual indication to the operator that
data and EOW are being sent to the keyers.

3-8.5. Since the cores are shifted once every millisecond, the switch position on
the front panel indicates a delay time in milliseconds when referenced to each other.

3-8.6. The only difference between the 74-8A and 74-8B registers is the front panel
engraving, the 8A reading XMTR #1 three XMTR #2, the 8B reading XMTR #3 and XMTR#4.

Figure 3-5. Variable Delay Shift Register
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3-10. RECORDER CONTROL CHASSIS, MEC MODEL 74-7A (Figures 3-7, 9-16,9-17)
3-10.1. General

3-10.1.1. The function of the Recorder Control Chassis is to select
live data from the Impact Predictor (IP) IBM-7090 and Burroughs -General Electric
(B-GE) Computers at Cape Canaveral or it will select the playback of recorded data
from either or both of these sources from Operational Data Recorder (ODR) 1. The
unit will also provide a Control function to select live data from the Goddard Space
Flight Center (GSFC) IBM-7090 Computer for transmission to the Mercury Control
Center, or to select the playback of this recorded data for transmission to the
Mercury Control Center from ODR 2. Therefore, ODR 1 is used for recording and
playing back of all high-speed data inputs to the GSFC, whild ODR 2 is used for the
recording and playing back of data that originates at GSFC. The controls for the
Record and Playback mode of the ODR's are mounted on the Tape Deck of these units.

The Recorder Control Chassis provides the selection of data only.

3-10.1.2. INPUT SELECT switch S701 controls the selection of input
data from Cape Canaveral to Data Receiver, MEC Model 72, at GSFC. The four
positions of the switch are OPERATE, B-GE, IP, and B-GE/IP. The function of

each position is discussed in the following paragraphs.

RECORDER CONTROL
SMIT {

OPERATE

L

P PLAYBACK

OUTPUT SELECT INPUT SELECT
i ) T4-TA

Figure 3-7. Recorder Control Chassis
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3-10.1.3. The function of the OUTPUT SELECT switch, $702, is to
allow data that is being transmitted by the MEC Model 74 Data Transmitter to Cape
Canaveral to be recorded by ODR 2 and played back at some future time. The four
inputs of Data Keyers 1 through 4 in the Model 74 Data Transmitter are coupled to
the Record inputs of ODR 2. The two positions, OPERATE and PLAYBACK, of
OUTPUT SELECT switch §702 are discussed in the following paragraphs.

3-10.2. OPERATE (INPUT SELECT Switch)

When the INPUT SELECT switch is in the OPERATE position, the IP
Input lines 1 and 2 and the B-GE Input lines 1 and 2 will be connected, via the nor-
mally closed contacts of relays K701 through K704, to the Data Line Amplifier (DLA)
inputs 1 through 4, respectively. The DLA inputs 1 through 4 are also connected to
the Record inputs 1 through 4 of ODR 1. If ODR 1 is in the Record mode, data from
Cape Canaveral (IP and B-GE Computers) will be direct-coupled to the input of the
DLA's in the Model 72 Data Receiver. If ODR 1 is in the Record mode, this data

will be recorded on magnetic tape.
3-10.3. B-GE (INPUT SELECT Switch)

When the INPUT SELECT switch is in the B-GE position, relays K703
and K704 will be energized, via contact 2 of S701B, if ODR 1 is in the Playback mode.
This will allow -20 volts to be coupled through the normally closed set of contacts of
K2 and the closed set of contacts of K1 in the ODR to the wiper of S701B. With the
switch in the B-GE position, the wiper will be connected to contact 2 of S701B, which
will couple -20 volts to pin 3 of K703 and K704, This will likewise energize indicator
1702, indicating the INPUT SELECT switch is in the B-GE position, and the Recorder
(ODR 1) is in the Playback mode. When K703 and K704 are energized, their normally
closed sets of contacts will open, disenabling data on B-GE Input lines 1 and 2 from
being coupled to DLA 3 and 4 inputs, respectively. The normally open contacts of
K703 and K704 will be closed, coupling the Tape outputs 3 and 4 to DLA 3 and 4 inputs,
respectively. The Tape outputs 3 and 4 are the playback of the pre-recorded B-GE
Input lines 1 and 2, respectively. When the INPUT SELECT switch is in the B-GE
position, it does not affect the incoming IP data; that is, the IP Input lines 1 and 2 are
still direct-coupled via the normally closed contacts of K701 and K702 to DLA inputs
1 and 2,

3-10.4. IP (INPUT SELECT Switch)

When the INPUT SELECT switch is in the IP position, and ODR 1 is in
the Playback mode, -20 volts will be coupled via K2 and K1 of ODR 1 to the wiper of

3-20
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S701A. Since the switch is in the IP position, -20 volts will be coupled via this wiper
to contact 3 of S701A, which is connected to pin 3 of K701 and K702, causing these
relays to become energized. It will also cause indicator I703 to light, indicating the
switch is in the IP position and ODR 1 is in the Playback mode. The IP data on input
lines 1 and 2 will be disconnected from the inputs of DLA 1 and 2. The normally open
set of contacts of K701 and K702 will now close, allowing Tape outputs 1 and 2 to be
direct-coupled to the DLLA 1 and 2 inputs. IP data will now be played back from the
magnetic tape to DLA inputs 1 and 2. When the switch is in the IP position, it will
not prevent the B-GE Input lines 1 and 2 from being coupled to the input of DLA's 3

and 4, respectively.
3-10.5. B-GE/IP (INPUT SELECT Switch)

When the switch is in the B-GE/IP position, and ODR 1 is in the Playback
mode, -20 volts on the wiper of S701A will be coupled to relays K701 and K702 and
indicator 1703 via contact 4 of ST01A. Relays K703 and K704 and indicator 1702 will
be coupled to -20 volts via contact 4 to the wiper of S701B, All of the relays will be
energized, K701 through K704, causing the live data on IP Input lines 1 and 2 and
B-GE Input lines 1 and 2 to be disconnected from the inputs of DLA 1 through 4, re-
spectively, The normally open contacts of K701 and K704 will now close, allowing
the pre-recorded data of these live inputs to be played back to the inputs of DLA 1
through 4. Both the B-GE and IP indicators will be lit, signifying the inputs to the

Model 72 Receiver are from the magnetic tape on ODR 1.
3-10.6. OPERATE (OUTPUT SELECT Switch)

When the OUTPUT SELECT switch, S702, is in the OPERATE position,
and ODR 2 is in the Record mode, data that is being transmitted from the Model 70
Data Transmitter will be recorded by ODR 2.

3-10.7. PLAYBACK (OUTPUT SELECT Switch)

When the OUTPUT SELECT switch is in the PLAYBACK position, and
ODR 2 is in the Playback mode, -20 volts will be coupled via the closed contacts of
K2 and K1 in ODR 2 to the wiper of S702, and via contact 6 of S702 to the TRANSMIT
indicator, I701. This voltage will also be coupled from S702 to P701-49, where via
rack wiring it will be connected to pin 12 of the relays in Data Keyers 1 through 4,
causing these relays to become energized, When the relays in the Data Keyers are
energized, the data that is received by the Data Transmitter from the IBM-7090
Computer will not be transmitted by the Data Keyers. Data that is on the magnetic
tape'of ODR 2 (previously recorded Computer data) will be played back to Data
Keyers 1 through 4 so that this data will be transmitted to Cape Canaveral.
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CHAPTER IV
OPERATION

With all rack connectors properly connected, and a-c power supplied to the Data
Transmitter, the following steps are required to make the unit operative:

a. Place the main power switch SW1, located at the rear of the rack,
to the ON position. The red power indicator Il at the rear of the
rack will light.

b. Place power switch S401, on the Power Control Chassis to the
ON position.

c. Allow approximately one minute for warm up time,.

d. Check all voltages on the Power Control Chassis with a voltmeter.
The voltmeter should read between 9.5 and 10,5 in all positions
of the VOLTAGE SELECTOR switch $402 (except the OFF position),

e. Turn the MASTER SELECTOR switch $506, on the Test-Control
Chassis, to MONITOR TEST. If the MONITOR INDICATOR is on,
push the MONITOR RESET button.

f. Select the data pattern desired with switch $507. If the TEST
DATA switch is already on the desired pattern, rotate it to
another position; then return it to its original position. This will
start the select and ready oscillator.

g. Observe the indicator lamps on the Shift Register Chassis. They
should now be blinking.

h. Monitor the output of Data Keyer #1, using an oscilloscope with a
delayed sweep. Place the oscilloscope ground on pin 7 of the Key
ers test jack and place the probe on pin 5 of the test jack, The
SOW signal should be a five cycle burst of a 2 kc carrier, The
data bits should be 3.1 volts in amplitude, peak to peak, and one
cycle of a 2 kc carrier. The EOW signal should be a nine cycle
burst of the 2 kc carrier, and should be preceded "y the pattern
selected on the TEST DATA switch. For example: in a "1-0"
pattern, a '""O'" will precede the EOW. Each data bit fills only one
balf of a time slot. An all "1'"s pattern is one cycle of 2 kc fol-
lowed by 1/2 millisecond of the base line, this pattern being re-
peated as often as required.

i. Rotate the TEST DATA switch and observe the output in each data
pattern. (The all "0" pattern has a single "1" inserted approxi-
mately 75 microseconds after SOW and every 150 microseconds
thereafter)

j. Push the monitor TEST switch, S505. The indicator lamps should
come on and the output will remain the same (it is possible for one

word to be ruined during switching of the monitor circuit).

k. Observe the output of each data pattern.
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1. Push the monitor RESET switch, $503. The monitor indicator
lamp will turn off, and the data will remain the same,.
m. Repeat steps i through n on each Data Keyer.
The Model 74 Data Transmitter is now ready to operate and will perform as des-

cribed in previous Chapters. It is strongly urged that this instruction book be thoroughly
read and completely understood before operating the equipment.




ME 905

CHAPTER V

INSTALLATION

5-1. EXTERNAL CONNECTIONS

Provisions should be made to supply the Model 74 Data Transmitter with 120 vac
at less than 10 amperes as power input. The Transmitter receives a-c power through
J15 at the rear of the rack, Connections between the Transmitter and the DCC are made
at J17, and J16 serves as the connector for the telephone voice lines,

5-2, PHYSICAL PLACEMENT

The rack should be installed on a reasonably flat surface, and if it is to be in-
stalled near a wall, its rear portion should not be less than three feet from the wall.
This enables easy access to the rack through the rear door.

5-3. ADJUSTMENTS AND CABLE FABRICATION

Adjustments and procedures to be executed prior to operating the equipment will
be found in CHAPTER IV, OPERATION. Wire sizc and cable fabrication information
will be found in CHAPTER VIII, WIRE LIST,
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CHAPTER VI

MAINTENANCE

6-1, CORRECTIVE MAINTENANCE

6-1.1., The first step in corrective maintenance is to become acquainted with the
TN networks listed in the Appendix of this manual (Chapter X). In the following pro-
cedures, it is assumed that the maintenance technician has done this. It is also assumed
that the technician is acquainted with semiconductor devices, their operation and limit-
ations, and procedures for determining when they are not functioning.

6-1.2. The first procedure to be followed when trouble occurs is to check all
power supplies by means of the indicator lights and the voltmeter, all of which are
located on the Power Control Chassis, If these prove to be operating correctly, check
the voltage at each chassis, By referring to the schematics of the individual chassis,
the correct pin numbers can be found for each voltage to be checked,

6-1.3. The next general procedure to be followed is that of checking the outputs
of each chassis and comparing the output to the input to see if a discrepancy exists,
Once the trouble has been isolated to a particular chassis, the technician will find a
detailed explanation of each chassis in CHAPTER IIIl, THEORY OF OPERATION.

6-1.4, The Test-Control Chassis should be checked first. The outputs of this
chassis are controlled by the tuning forks, driving one-shots and emitter followers,
These outputs are fed to the other chassis and should be observed on TJ501, In the
monitor test mode, outputs should appear on pins 10, 13, 21, 22, 23, and 24. If any of
these are missing, or if they are not greater than 15 volts in amplitude, either TF501,
N505, N506, TF502, N508, or N509 are not functioning correctly, If these circuits are
all operating correctly, check the Detectors. If the Detectors are functioning correctly,
check the Shift Registers, and if these are not at fault, check the Keyers.

6-1.5. By following the block diagram of the system and using the schematics of
the chassis (Chapter 1X) any trouble should be isolated in a short time.

6-2. PREVENTIVE MAINTENANCE

6-2.1. Check the Data Keyers periodically for proper adjustment. The first
adjustment made shall be on the 2kc oscillator., To accomplish this, allow the Keyer to
warm up for 30 minutes, then jumper pin 2 of V1201 to -25 volts. By using a dual trace
oscilloscope, compare pin 6 of V1202 to pin 23 of TJ501 on the Test-Control Chassis.
Since the output of pin 23 of TJ501 has a lkc repetition rate the output of pin 6 of V1202
must occur twice as often. Adjust L1201 to obtain the proper 2:1 ratio between the two
traces on the scope. Then remove the jumper between pin 2 of V1201 and -25 volts.

6-2.2., With the Transmitter in the monitor test mode, place loop test switch

ON, choose an all '""1"s data pattern, and adjust the time delays of N1201, NI1202 and
N1203. To do this, observe the output of the Keyer. The data pulse should be onecycle

6-1
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of 2 kc with a minimiam of overshoot (0. 5 millisecond). Adjust potentiometer R1225 to
obtain this result, After R1225 is adjustced, adjust R1226 so that the SOW burst is five
cycles of 2kc with a minimum of overshoot (2.5 millisccond), and adjust R1227 for an
EOW burst that is nine cycles wide (4.5 millisecond).

6-2.3, While still observing the output, adjust L1202 to produce a narrow sine
wave; then adjust R1209 to set the required output level.

6-2.4, Adjust the d-c voltage when necessary by monitoring the voltmeter on the
Power Control front panel. All potentiometers for adjusting voltages are located on the
front panel of the Power Supplies and are plainly labeled, Adjust each one until the volt-
meter reads 10. Adjust the d-c voltages periodically by using a Triplett 630NA VOM or
equivalent. Monitor these voltages from the front panel of each Power Supply and adjust
them by the potentiomaters located on the front panels. Record the reading of the panel
meter on the Power Control Chassis in each setting. The panel meter may now be used
for day to day voltage checks.

6-2.5. It is strongly urged that this instruction book be thoroughly read and com-
pletely understood before operating the equipment,
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The MEC Model 74 Data Transmitter consists of the following assemblies:

Quantity

4

1

Assembly
MEC Model 71-12A, Data Keyer
MEC Model 74-5A, Test Control
MEC Model 74-3A, Detector
MEC Model 74-3B, Detector
MEC Model 74-8A, Variable Delay Shift Register
MEC Model 74-8B, Variable Delay Shift Register
MEC Model 74-4A, Power Control
MEC Model 74-7A, Recorder Control
MEC Model 165-4C, Power Supply
Blower

MEC Model 74-9A, Four Channel Test Data Keyer
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1 T L] ) R P D et A
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | pROCURE.
NO. DESIG- NO. PART NO. rER MENT
NATOR v 2 3 4 5 6 7 ASSY.| cooe
12-1 MEC A b1y .| Daka |[Keyer 1
T1-12A
12-2 | c1201 ° Cornell Cap ciﬁor, Hixed Mylar, .Oluf, 400vdc 4
C1205 Dubilier
Q1209 PM4sS1
Cl214
12-3 | cl202 Cornell Cpadcitor| Hixed Mylar, .02uf, 400vdc 2
C1203 Dubilier
PM4s2
. 12-4 C1204 MIL Capacitor| Hixed Mica, 1200uuf, 500vdc 1
CM-19B-122K +]0%4 o
12-5 | c1206 MIL c3pakcitor qixed Mica, 1000uuf, 500vdc 2
C1207 CM-19B102K ij
12-6 c1208 Cornell Cqpaitor| Flixed Mylar, .47uf, 400vdc 2
Ccl1213 Dubilier
PM4P47
f 12-7 c1210 Aerovox C3pafitor{ Fixed Dual Plug-in, 40-40uf, 1
i AEPB8J 440vHc
12-8 cl211 Cornell Cgpapitor| Fiixed Mylar, .033uf, 400vdc 1
Dubilier
PM4s33
12-9 cl212 Cornell Cgparifor| Flixed Mylar, .22uf, 400vdc 1
Dubilier
PM4P22
L
'12-10 CR1201~ Transifron Diode 4
l CR1204 T12G or
! Clevite
, CTP-503
" 12-11 | crR1205 GE piodp 6
CR1210 IN1695
12-12 | cr1211 International piodk, |Beger| (25v) 1
Rectifier
IN1528
12-13 | D81201 Eldema Irfditatjor} Npon to Spec. 21C-3864-7 1
1CG12~-4535
12-14 | F1201 Bussmann Fuse} ] A$p 1
AGC
12-15 | k1201 Magnecraft Rdlay, [2 forpn C 1
11HPX-59
i 12-16 | L1201 urc Induptdr 1
| HVC-6
l12-17 | L1202 uTc 1auftdr 1
' HVC-~8
I
12-18 | N1201~ IMEC Trlangigtox Nptwork 3
N1203 TN-51 B

7-3
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L] 2 3 4 1T o s '_ i ) é T
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. : PER | MENT
NATOR V2 3 4 5 6 7 ASSY.| CODE
12-19} P1201 Cannon Plu 1
: DD-S0P
12-20} R1201 MIL R¢siBtér, Fnlxed Composition, 1M, $10%, %W 1
RC20GF105K
12-21| R1202 MIL Rgsiptor, Pi%xed Composition, 100K, +10% 7
R1212 RC20GF104K L
R1213
R1217
R1218
R1223
R1228
12-22 | R1203 MIL siLt pr , Fjlxed Composition, S60K, +10% 1
RC20GF564K
12-23| R1204 MIL sikteér,| Filxed Composition, 10K, +10%, 2
R1208 RC20GF103K
12-24| R1205 MIL BLor, Fi.rxed Composition, 2.2K, 410%, 1
RC20GF222K
12-25| R1206 MIL Ltbr,| Fed Composition, 33K, +10%.3W | 1
RC20GF333K
12-26 | R1207 MIL stér , | FAted Composition, 4.7K, +10% 1
RC20GF472K
12-27| R1209 Allen Bradley tlomktdr, 50K, 2W, Linear Taper 1
JLU-5031 or
JAIL0408504UC
12-28| R1210 MIL sistbr,| P{xed Composition, 3300 Ohms 1
RC20GF 332K 04, HW
12-29| R1211 MIL dsthr,} Pixed Composition, 220K, *10% 1
RC20GF224K
12-30] 1214 MIL jlster,| Fdxed composition, 470K, 110% 2
1216 RC20GF474K
12-31| R1218% MIL silstbr,| Fixed Composition., 1800 Ohms 1
RC32GF182K 04, W
12-32| R1219 MIL Hlstbr,| Filxed Composition, 22K, +10%, 1
RC20GF223K
12-33| R1220 MI1L : sister, nlxed Composition, 5109, +5%, 1
RCA2GFS5 1L.J
12-341 R1221 Ward Leonard Rédsiptér,|Fixed Axiohm,4K, +10%,10W 1
10X4000
12-35 ] R1224 Ward Leonard R¢siptér.| Fiked Axibhm, 2K, +10%, 5W 1
5X2000
12-36 | R1225- Allen Bradley pdtehtiompter, 100K, 2W, Linear Taper ° 3
R1227 JLU-1041 or
JAIL0408104UC
12-37] T1201 Triad Tdanpfrmer 1
HS-52
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TT 2 — 4 §T T & 7
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER MENT
NATOR 2 3 4 5 & 7 ASSY.] CODE
12-38] Tl1l202 Chicago std. Tra sfarnLr 1
PHC-55
12-39| TJ1201 Cannon C¢nnector 1
DD-505
12-40| vi201 Cormm Tybe, Eleftyon 1
12AT7
12-41] v1202 Comm Tybg, Eleptdon 2
v1203 5963
12-42| v1204 Comm Tybg, Elertyon 1
OB2
12-43| vi20s Comm mibe, Elebtdon 1
OA2
12-44| XCl1210 JAN sécket| oftdl, Mica Filled 5
XK1201 TS101pP01
XN1201-
XN1203
12-45| XF1201 Bussmann Fhiseholdef 1
HKP
12-46| XV1291- JAN S¢ckiet| Tubg 9 Pin Miniature, Mica 3
%v1203 TS103P01 Fillled
12-47] Xv1204 JAN Séckiet| Thbeg, 7 Pin Miniature, Mica 2
Xv1205 TS102P01 Fillea
12-48] Xps1201 Eldema 1f1¢ator {Holder 1
11H-4593 '
12-49 JAN Shlield,| Tybe 3
TS103U02
12-50 JAN Shiield,| Tybe 2
TS10R2U02
12-51 Eldemn LENY, | CHp (Red) 1
11H-4119




Rev. 6/15/61

v T " 3 1 4 ] 3 T
1 REFER. CLASS | STOCK MFG. AND DESCRIPTION PROCURE-
NO, DESIG- NO. PART NO. - MENT
NATOR 2 3 4 85 ¢ CODE
5-1 MEC IASSEMB T  CONTROL
74-5A
5-2 C%01, C503 MIL ‘ CAIPA Tixed Mica, 1000u4uf 300 vde +10%
CM-19B-102K
5-3 C506, MIL CAIPA Tixed Mica, 5604uf 500 vdc £10%
CM-19B-861K
5-4 C502, C504 Cornell Dubiliqr CAPA Tixed Mylar, .14t 400 vdc
PM4P1
5.5 C505, C516 Cornell Dubilidr CAIPA| Tixed Mylar, ,024f 400 vdc
PM4S2
5-6 Ccs07 MIL CAPA Fixed Mica, 68044f 500 vdc £10%
CM-19B-481K
5.7 C510, C512 Fansteel CAPAKC" (Blu-Cap) 10uf 25 vdc
Fl10-1
5.8 Cs511,C513 Fansteel CAPA (Blu-Cap) 1004f 30 vdc
Cs514 F308-1
5.9 CR501, G.E. DIPD]
CR502, IN1692
CRS512
5.10 |CR503, Transitron DID]
CR504, T12G or
CR511 Clevite
CTP-503 _
5-11 |CRs0s International 1218)
CR510 Rectifier
IN1525
s-12 |CRS06 Internationsl 1210)
Rectifier
IN1523
5-13 [ CRS%07, Pacific
CRS508 Semi-Conduct:
IN703
5-14 ] CR509 Motorola
10M10Z
s-15 |DSs501 MEC
DS8502 16-102
s-16 {1501 Dialight Corp. ci:dc scent, Candelabra, Base, 125V
1502 686
s-17 ] K501 C.P, Clare J, 4 Form C {Type 2}
RP-4461-G28 :
s-18 [K58Z MEC
: RY-11
5.19 ]wso1l, MEC NETWORK
N510-N512 TN-58
520 [N502 MEC NETWORK
TN=-57
5-21 }NS03, N504 MEC NETWORK
NS06, N509 TN-111
s5-22 [ns0s, M508 MEC NETWORK
TN-187
5.23 |NSO7 MEC NETWORK
TN-90B
s~24 |P301 Cannon
DD-50P
5-25 [ RS25 MIL ined composition, 3K 5% 1/aW
RC0GT302J
5-26 |R501, RS10 MIL {ned composition, 15K 4l0% 1/2W
RC200T153K
7«6
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2 R -4 . 5 R e T
REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
DESIG- NO. PART NO. ‘ PER MENT
NATOR 1 2 3 4 . 5 6 7 ASSY. CODE

R502, . MII. RESISTJR, |Fized composition, 10K $10% 1/2W 5

. . R518 RC20GF103K )

R526, R5A

R503, R511 MIL, REISISTQR, |[Fixed composition, 3.3K $10% 1/2W| X

R529 RC20GF332K

RS30, R631 MIL. R FSISTAR, [Fided composition, 912 5% 2w 2

RC42GF910J
R505, R506 MIL, ) REBISTAR, [Fifed composition, 100K $10% 1/2W 5
R508, R523 - RC20GF104K
R524 .
R507, R520 MIL. REBISTAR, [Fifed composition, 27K +10% 1/2W 2
RC20GF 273K

RS514, R519 MIL RESIST AR, fF‘ixed composition, 390Q +10% 1/2W 2
RC20GF 391K

R515 MIL, REBISTAR, [Fifed composition, 1K +10% 1/2W 1
RC20GF102K

R516, R517 MIL RESISTAR, [Fijed composition, 4.7K $+10% 1/2W 2
RC20GF 472K

$501-5503 Micro EWITQH,| PyYshbutton 4

5505 2PB11

S504 Carling WITGH, Tqggle, DPDT 1

2GL63-73

5507, S508 Centralab EWITGCH,| Rgtany 2

PA-2007

TF501 Philamon TUL\JI G [FORK 2

TFS02 IJ1000K-N4085

TJI501 Cannon ICONNEJTOR 1

DD-50S

Xis501 Dialight Corp. h.\II)ICATOR HQLDER 2

X1502 514001-111

XK501 Eby ) SOCKET} Rplaj, 14 Pin 1

9759-5

XN501- JAN SOCKET] Okta , Mica filled 13

XNs12 TS101P01

XK502

Whitso IKNOB; 3
K-105
S509 Cutler Hammer WITCH] Toggle, DPDT 1
B363K7 :
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ASSEMBLY 74-3A REV__ #4
1 2 3 L) 5 6 7 8
ITEM REFER. | CLASS [sTock MFG. AND DESCRIPTION UNIT | PROCURE-|  UNIT
NO. DESIG - NO. PART NO. PER MENT CoST
NATOR 2 3 ASSY.| CODE (EST)
3.1 MEC ASSEMBLY, DETECTOR "A"
74-3A
3-2 ]| C335 MIL CAPACITOR, Fixed mica, 470mmfd, 500vdc, 1
CM-19B-471K 10%
3-3]| C330 Fansteel CAPACITOR (Blu-Cap), 100mfd, 30vdc 1
F308-1
3-4 | C331 Fansteel CAPACITOR (Blu-Cap), 10mifd, 25vdc 1
F1l10-1
3-5 | C333 Cornell- CAPACITOR, Fixed Mylar, .022mfd, 400vdc 1
Dubilier
PM4S22
3-6 |C301,C306 MIL CAPACITOR, Fixed Mica, 330mmfd, 500vdc, 3
C334 CM-19B-331K 100
3-7 |C302,C304 MIL CAPACITOR, Fixed Mica, 560mmfd, 500vdc, 10
C307,C312 CM-19B-561K 100,
C314,C315
C317,C318
C326,C327
3-8 | C305 MIL CAPACITOR, Fixed Mica, 1800mmfd, 500vdc, 1
CM-19B-182K 100
3-9 |C309,C311 MIL CAPACITOR, Fixed mica, 1500mmfd, 500vdc, 3
c322 CM-19B-152K 106
4A-6-62
3-10 | €310 MIL CAPACITOR, Fixed Mica, 1000mmfd, 500vdc, 2
Cc323 CM-19B-102K 10%o
3-11 | C321 MIL CAPACITOR, Fixed Mica, 680mmifd, 500vdc, 2
C328 CM-19B-681K 10f°
3-12 | C324 Cornell- CAPACITOR, Fixed Mylar, .05mfd, 400vdc 1
Dubilier
PM4S5
3-13 | C325 G.E. CAPACITOR, Tantalytic, 1mfd, 100vdc 1
29F519-G4
3-14 | C329 G.E. CAPACITOR, Tantalytic, .05mfd, 75vdc 1
29F585-G4
3-15 |C303,C308 MIL CAPACITOR, Fixed Mica, 220mmfd, 500vdc, 5
C313,C316 CM-19B-221K 1006
C320
3-16 | C332 MIL CAPACITOR, Fixed Mica, 2200mmfd, 500vdc, 1
CM-19B-222K 1006
3-17 | CR301- SHMI-CONDUCTOR DEVICE, DIODE 20
CR308 CTP-503
CR310-
CR312
CR314-
CR320
-CR323
CR324
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ASSEMBLY 74-3A REV_#4
| 2 3 49 5 6 7
ITEM REFER. CLASS | sTOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER | MENT
NATOR 12 3 ASSY.| CODE
3-18 CR309 SEMI-CONDUCTOR DEVICE, DIODE 1
1N1692
3-19 CR313 SEMI-CONDUCTOCR DEVICE, DIODE 3
CR321 1N703
CR322
3-20 N30}, N315 MEC SEHMI-CONDUCTOR DEVICE SET 3
N319 TN58
3-21 N302 MEC SHMI-CONDUCTOR DEVICE SET 2
N306 TN57
3-22 N303, N307 MEC SEMI-CONDUCTOR DEVICE SET 6
N309-N311 TN90OB
N320
3-23 N304, N305 MEC SHMI-CONDUCTOR DEVICE SET 4
N308, N31¢6 TNI111 -
3-24 N312- MEC. SHMI-CONDUCTOR DEVICE SET 3
N314 TNI138B
3-25 N317 MEC SEJMI-CONDUCTOR DEVICE SET 1
TN79
3-26 N318, N321 MEC SEMI-CONDUCTOR DEVICE SET 3
N322 TN138
3-27 P301 MEC PLRUG, Male, 50 Pin Contact, 5 Amp Rating 1
27-101
3-28 R351 MIL RHBSISTOR, Fixed Composition, 1,6K, +5%, 1
RC20GF162J 1/pW
3-29 R301,R302 MIL RBSISTOR, Fixed Composition, 1K, £+10%, 1/2W 6
R341,R342 RC20GF102K
R303, R343
3-30 | R304 MIL RESISTOR, Fixed Composition, 18K, +10%, 2
R344 RC20GF183K 1/pW
3-31 R308, R309 MIL RHESISTOR, Fixed Composition, 10K, £10%, 12
R316, R321 RC20GF103K 1/pwW
R323,R326
R328,R330
R335,R339
R340, R349
3-32 R306,R312 MIL RESISTOR, Fixed Composition, 15K, +10%, 4
R325,R336 RC20GF153K 1/gW
3-33 R307,R313 MIL RHESISTOR, Fixed Composition, 47K, +10%, 3
R314 RC20GF473K 1/pW
3-34 R335,R310 MIL RHESISTOR, Fixed Composition, 3.3K, +10%, 8
R317,R318 RC20GF 332K 1/pW
R322,R327
R331, R332
3-35 | R311,R319 MIL RESISTOR, Fixed Composition, 33K, £10%, 1/2W 7
R320,R324 RC20GF 333K
R3%29, R333
R334

7-9
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ASSEMBLY 74-3A REV #4
] 2 3 4 5 6 7
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER MENT
NATOR 12 3 ASSY.| CODE
3-36 R350 MIL RESISTOR, Fixed Comvosition, 2.2K, +10%, 1
RC20GF222K 1/pW
3-37 | R315,R337 MIL RESISTOR, Fixed Composition, 4.7K, +10%, 3
R346 RC20GF 472K 1/pW
3-38 | R338 MIL RHESISTOR, Fixed Composition, 1K, +10%, 2W 1
RC42GF102K
3-39 | R345 MIL RHESISTOR, Fixed Composition, 1.5K, +10%, 1
RC20GF 152K 1/pW
3-40 | R347 MIL RHESISTOR, Fixed Composition, 100K, +10%, 1
RC20GF104K 1/pw
3-41 R348 MIL RHSISTOR, Fixed Composition, 750 Ohms, +5%, 1
RC20GF751J 1/BW
3-42 | R351 MIL RESISTOR, Fixed Composition, 22K, £10%, 1
RC2JGF 223K 1/pW
3-43 | TJ301 Cannon CPNNECTOR, Female, 50 Pin Contact, 5 Amp 1
DD50S Reting
3-44 | XN301- JAN SQCKET, Tube, Octal 22
XN322 TS101 P01
3-45 | Spare JAN SQCKET, Tube, Octal 1
TS101 P01
3-1 MEC A;SEMBLY, DETECTOR "'B"
74-3B
3-2 C340 MIL CAPACITOR, Fixed Mica, 1000mmfd, 50Jvdc, 1
CM-19B-102K 10/
3-3 C329 Cornell- CAPACITOR, Fixed Mylar, .02mfd, 400vdc 1
Dubilier
PM452
3-4 C330 MIL CAPACITOR, Fixed Mica, 2700mmfd, 500vdc, 1
CM-~19B-272K 1 0P
3-5 C324,C327 MIL CAPACITOR, Fixed Mica, 470mmfd, 500vdc, 3
Cc328 CM-19B-471K 10p,
3-6 C301-C303 MIL CAPACITOR, Fixed Mica, 560mmfd, 500vdc, 8
C308,C309 CM-19B-561K 100
C312,C3l4
C317
3-7 C305,C318 MIL CAPACITOR, Fixed Mica, 1500mmid, 500vdec, 4
C319,C333 CM-19B-152K 100,
3-8 C306 MIL CAPACITOR, Fixed Mica, 680mmfd, 500vdc, 2
C332 CM-19B-681K 10Fs
3-9 c31l MIL CAPACITOR, Fixed Mica, 330mmfd, 500vdc, 2
C331 CM-19B-331K 1006
3-10 | C313 G.E. CAPACITOR, Tantalytic, 1mfd, 100vdc 1
29F519-G4
7-10




ASSEMBLY 74-3B REV_ #7
1 2 4 5 6 7
ITEM REFER. CLASS | STOCK MFG. AND . DESCRIPTION UNIT | PROCURE-
NO. DESIG - NO. PART NO. PER MENT
NATOR 3 ASSY. CODE
3-11 [ C320 Fansteel CAPACITOR (Blu-Cap), 10mfd, 25vdc 2
C325 F110-1
3-12 | C321 Fansteel CAPACITOR (Blu-Cap), 100mfd, 30vdc 2
C326 F308-1
3-13 | C304,C307 MIL CAPACITOR, Fixed Mica, 220mmfd, 500vdc, 5
C310,C315 CM-19B-221K 10%
C316
3-14 | CR301- SEMI-CONDUCTOR DEVICE, DIODE 16
CR304 CTP-503
CR306-
CR315
CR318
CR319
3-15 | CR305 SEMI-CONDUCTOR DEVICE, DIODE 3
CR316 1N703
CR317
3-16 | N301 MEC SEMI-CONDUCTOR DEVICE SET 2
N312 TN58
3-17 |} N302 MEC SEHMI-CONDUCTOR DEVICE SET 2
N308 TN57
3-18 | N303, N30é MEC SEMI-CONDUCTOR DEVICE SET [
N307, N310 TN90B
N317, N319
3-19 | N304, N309 MEC SEMI-CCNDUCTOR DEVICE SET 3
N311 TN111
3-20 | N305, N314 MEC SEMI-CONDUCTOR DEVICE SET 5
N318, N320 TN138
N321
3-21 N313, N315 MEC SEMI-CONDUCTOR DEVICE SET 3
N316 TN138B
3-22 | N320 MEC SEMI-CONDUCTOR DEVICE SET 2
N323 TN200
3-23 | P301 MEC PLUG, Male, 50 Pin Contact, 5 Amp Rating 1
27-101
3-24 | R359 MIL RHSISTOR, Fixed Composition, 1.6K, +5%, 1
RC20GF1627 1/kW
3-25 | R357 M_TL RHESISTOR, Fixed Composition, 2.2K, +10%, 1
RC20GF 222K 1/pW
3-26 | R345 MIL RHESISTOR, Fixed Composition, 12K, +10%, 1
RC20GF 123K 1/pwW
3-27 | R358 MIL RHESISTOR, Fixed Composition, 22K, +10%, 1
RC20GF223K 1/pW
3-28 | R301,R303 MIL RESISTOR, Fixed Composition, 1K, +10%, 6
R330,R332 RC20GF102K L/gW
R346, R347
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ASSEMBLY 74-3B REV_ #7
| 2 3 4 5 6 7 8
ITEM REFER. | CLASS [sTock MFG. AND DESCRIPTION UNIT | PROCURE-|  UNIT
NO. DESIG- NO. PART NO. PER MENT COSsT
NATOR 12 3 ASSY. CODE (EST)
3-29 | R304 MIL RE’SISTOR, Fixed Composition, 18K, +10%, 2
R333 RC20GF183K 1AW
3-30 | R305,R308 MIL RESISTOR, Fixed Composition, 10K, £10%, 10
R310,R312 RC20GF103K 1/kW
R315,R318
R323,R328
R339, R348
3-31 | R306,R319 MIL RHESISTOR, Fixed Composition, 15K, £10%, 4
R344,R356 RC20GF153K 1/pW
3-32 R307,R320 MIL RESISTOR, Fixed Composition, 47K, +10%, 3
R321 RC20GF473K 1/pW
3-33 | R309,R314 MIL RESISTOR, Fixed Composition, 3.3K, +10%, 6
R317,R325 RCZ20GF 332K 1/pW
R327,R342
3-34 §{ R311,R313 MIL RESISTOR, Fixed Composition, 33K, +10%, 7
R316,R324 RC20GF 333K 1/BW
R326, R340
R343
3-35 | R322 MIL RHESISTOR, Fixed Composition, 4.7K, +10%, 2
R329 RC20GF472K 1/pW
3-36 | R334 MIL RESISTOR, Fixed Composition, 1.5K, +10%, 1
RC20GF 152K 1/pW
3-37 | R335 MIL RESISTOR, Fixed Composition, 750 Ohms, 1
RC20GE751K +1p%, 1/2W
4A.-6.62
3-38 | R338 MIL RHSISTOR, Fixed Composition, 82K, +10%, 1
RC20GF 823K 1/¢W
3-39 | R341 MIL RHSISTOR, Fixed Composition, 9100 Ohms, 1
RC20GF912J 5§, 1/2W
3-40 TJ301 Cannon CANNECTOR, Female, 50 Pin Contact, 5 Amp 1
DD-505 Rating
3-41 | XN301- JAN SOCKET, Octal 23
XN323 TS101P01
7-12
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] 2 4 5 [3 7 8
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT COST
NATOR i 2 3 ASSY. CODE (EST)
8-1 MEC ASSEMBLY, VARIABLE DELAY SHIFT REGISTER
74-8A
8-2 Cc1,C5 Fansteel CAPACITOR {Blu-Cap), 10mfd, 25vdc 3
Cé F110-1
8-3 C2-C4 Fansteel CAPACITOR (Blu-Cap), 100mfd, 30vdc 3
F308-1
8-4 c7, C8 Cornell- CAPACITOR, Fixed Mylar, .02mfd, 400vdc 2
Dubilier
PM4S2
8-5 CRI1 SEHMI-CONDUCTOR DEVICE, DIODE, Zener 1
IN703
8-6 DS1 - MEC LAMP, Neon 4
DS4 16-102
8-7 | M1, M2l MEC CJRE, Magnetic 3
M40 MN13
8-8 M2 -M20 MEC CQRE, Magnetic 57
M22-M39 26-101
M41-Mé60
8-9 N2, N4 MEC SEMI-CONDUCTOR DEVICE SET 3
N5 TN130B
8-10 N1, N3 MEC SHMI-CONDUCTOR DEVICE SET 4
N6, N7 TN51
4A-6.62
8-11 Pl MEC PUUG, Male, 50 Pin Contact, 5 Amp Rating 1
27-101
8-12 | R1, R2 MIL RESISTOR, Fixed Composition, 1,5K, +10%, 3
RS RC20GF 152K 1/¢W
8-13 R3, R4 MIL RHESISTOR, Fixed Composition, 2.7 Ohm, 2
RC42GF27GK +19%, 2W
8-14 | R6-R8 MIL RHESISTOR, Fixed Composition, 10K, +10%, 1/2W| 3
RC20GF103K
8-15 | RO MIL RHSISTOR, Fixed Composition, 4.7K, +10%, 1
RC20GF 472K 1/pW
8-16 51, s2 Oak SWITCH, Rotary 2
399655MF
8-17 | Tn Cannon CQNNECTOR, Female, 50 Pin Contact, 5 Amp 1
DD-50S8 Raging
8-18 | XM1- JAN SOCKET, Tube, 9 Pin 60
XMé60 TS103P02
8-19 XNI1- JAN SOCKET, Octal 7
X N7 TS101P0O1
8-20 Whitso KYOB 2
K-105




Date 7/3/62

| 2 3 4 5 6 7 8
1ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG - NO. PART NO. PER MENT COST

NATOR 2 3 ASSY. CODE (EST)
8-1 MEC ASBPEMBLY, VARIABLE DELAY SHIFT REGISTER
‘ 74-8B
8-2 cl, C5 Fansteel CAPACITOR, (Blu-Cap), 10mfd, 25vdc 3
Cé Fl10-1
8-3 Cc2-C4 Fansteel CAPACITOR (Blu-Cap), 100mfd, 30vdc 3
T 308-1
8-4 c7, C8 Cornell- CAPACITOR, Fixed Mylar, .02mfd;, 400vdc 2
Dubilier
PM452
8-5 CRI1 SEMI-CONDUCTOR DEVICE, DIODE, Zener 1
1N703
8-6 DS1- MEC LAMP, Neon 4
DS4 16-102
8-7 M1, M21 MEC CPRE, Magnetic 3
M40 MN1 3
8-8 M2-M20 MEC COPRE, Magnetic 57
M22-M39 26-101
M41-Mé60
3-9 N2, N4 MEC SHMI-CONDUCTOR DEVICE SET 3
N5 TNL130B
8-10 | NI, N3 MEC SHMI-CONDUCTOR DEVICE SET 4
N6, N7 TN51
4A.6 62
8-11 Pl MEC PIUG, Male, 50 Pin Coatact, 5 Amp Rating 1
27-101
g-12 | R1, R2 MIL RHESISTOR, Fixed Composition, 1.5K, £10%, 3
R5 RC20GF152K 1/pW
8-13 | R3, R4 MIL RESISTOR, Fixed Composition, 2.7 Ohm, 2
RC42GF27GK +1p%, 2W
8-14 R6-R8 MIL RESISTOR, Fixed Composition, 10K, +10%, 3
RC20GF103K 1/BW
8-15 | R? MIL RESISTOR, Fixed Composition, 4.7K, +10%, 1
RC20GF472K 1/pW
8-16 | S1, S2 Oak SWITCH, Rotary 2
399655MF
8-17 TJ1 Cannon CPNNECTOR, Female, 50 Pin Contact, 5 Amp 1
DL -50S8 Rdting
8-18 XMl - JAN SQCKET, Tube, 9 Pin 60
XKM60 TS103P02
8-19 X N1- JAN SACKET, Octal 7
AN7 T5101P01
8-20 Whitso KNOB 2
K-105
7-14
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I I R | T 4 T — - - [] 7
REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
DESIG- NO. PART NO. . PER MENT
NATOR 1 2 3 4 5 &6 7 ASSY.| CODE
MEC As enlbl Power Control 1
74-4A
CR 401- GE. Dijod ¢ 5
CR 405 IN 1695
CR 406 GE.
CR 407 IN 1692 Dijod ¢ 2
DS 401- Eldema Lamp eof Th Spec. 21C-3864-7 5
DS 405 1CG12-4535 r.
1401~ Eldema Lajnp| XIncqdndpscent (Red) R
1402 IGF5-4976
MU 401 Beede Meltef, |104 Mh (Scale 0-12) Horizontal 1
E-25 Mojunting
P 401 Cannon Pliug 1
DD-50P
R 401 Mil Relsigtdr, |Fiked Composition, 39K, + 10%
Ry - 1
RC20GF393K
R402 1.8.C. Refsifptdr, (Prpcision, 54K + 1% 1/2 W 1
R403 1.R.C. Resijtdr, |Precision, 12K, + 1%, 1/2W 1
DCC bl .
R 404 1.R.C. Resiftdr, {Prpcision, 20K, + 1%, 1/2 W 1
DCC -
R405 I.R.C Relsittdr, {[Prkcision, B5K, + 1% 172 W 1
bDCC -
R406 I.R.C. Relsi$tdr, |Prkcision, 250K, + 1%, 1/2 % 1
bCC
R407- Mil Relsibtdr, [Fiked Composition, 100K, +. 10%| 8
RC20GF 104K 12 ¥ -
R415 Ward Leonard Relsiftdr, |[Fiked Wire Wound 100a, 10w 2
R416 10F 100
R417 Mil Relsi$tdr, [Fiked Composition,. 390@, + 10% 2
R418 RC32GF391K 1 -
S401 Cutler Hamme Swit¢h,| Tdggle, DPDT 1
ST52N
5402 OAK Swit¢h,| Rqtaty 1
399655~ MF
XDS 401- Eldema Indi¢atior [Hoflder 5
XDS 405 11H-4593
Whitso Knjob 1
K-105
Eldema Lejns {Calp, |[(TFanslucent) 1
11H-4110
Eldema Leins |Cqp, [(Rpd) 4
11H-4119




Rev. 6/15/61

L A i T T 5 7
ITEM REFER. CLASS | STOCK MFG, AND DESCRIPTION UNIT | PROCURE.
NO. DESIG- NO. PART NO. PER | MENT
NATOR 1 2 3 4 85 6 7 ASSY.] Coot
4-1 MEC ASSE \/(BlL'q, FOV{ER SUPPLY 1
165-4C
4-2 | C401 Mallory CAPACITOR, fomputer Grade, 40004f 60 vdc, 5
C402 20-71937 Z-i/lb q4-1/2] Alum. can with acetate sleeve,
C421-C423
4-3 | C403 Cornell Dubili¢r CAPACITOR, Fixed, Mylar, ,0luf 400 vde 4
C425 PM4S1
C443
C444
4-4 | C424 Cornell Dubiligr ICAIPAICITOR, Fixed, Mylar, .luf 400 vdc 1
PM4P1
4-5 ] C404 Fansteel AP CI’[‘Oﬁ. Blu-cap, 100uf 30 vde 2
C426 F308-1
4-6 | C441 Mallory CA[PAICITOR, Computer Grade, 2000uf 100 vdc, | 2
C442 20-71855 P~1/1p x|/4-}/2] Alum. can with acetate sleeve.
4-7 | C445 Fansteel ICAJPA|CT [’Of, ﬁlu-cup, 304¢ 100 vdc 1
F3l6-1
4-8 | CR401 G.E. [REICT|IF]ER 3
CR421 4JA211AB1AC2
4-9 | CR402 International DIODE, Zerer [1Z24,7) 2
CR422 Rectifier
IN1519
4-10| CR442 International DIJ)D#‘., Zerer [1212) 1
Rectifier :
IN1524
4-11|F401 Bussmann L"U’SE l{Anmp 2
F403 AGC
4-12 |F402 Bussmann FUSE, 3|Andp 1
AGC
4.13]| F404 Bussmann IFUSE| Flusdtron, Slo-Blow, 3 Amp, 1
MDX
4-14| P401 Cannon PLIUG 1
DD-50P
4-15] Q423 Delco TEA”SH}TOR, {Mount with Parts §100 & #101) 2
Q442 2NS553
4-16} Q401 Delco TRANSI§TOR, [(Lug type Leads) 4
Q421 2N443
Q441
Q422
4-17) Q402 G.E. ITRANSI§TOR 4
Q403 2N525
Q424
Q443
4-18| Q404 Sylvania TFAI\SISTOTI 3
Q425 2ZN377A
Q444
4-19] R401, R402 Ward Leonard REJSISTCR. Axjohm, 12 SW 6
R421A 5X1
R421B
R441
R442 As
4-20]| R403 Ward Leonard RESISTQR, [Axjobhm, 2Q 5W 2
R443 5X2
4-21| rR404 MIL RESISTJR. Fixed composition, 1K $10% 2W 3
R425 RC42GF102K
R444
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i 2 3 4 5 R 2 el 2
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE.
NO. DESIG- NO. PART NO. PER MENT

NATOR t 2 3 4 5 6 7 ASSY.] CoODE
4-22 | R405 MIL RESISTJR, [Fifed composition, 150Q £10% 2W 1
RC42GF151K
4-23 | R406 MIL RFBISTJR, |Fized composition, 680Q +10% 1/2w | 1
RC20GFé681K
4-24 1 R407 MIL, RESISLI'CR, [Fized composition, 100Q $10% 1/2W | 3
R428 ) RC20GF101K
R447
4-25| R408 MIL RESI§TOR, |[Fiked composition, 1.2K +10% 1/2W{ 1
RC20GF 122K
4-26] R409 MIL RESI$TOR, | Fixed .composltion, 8.2K £10% 1/2W 3
R430 RC20GF 822K
R449
4-27| ra10 MIL RESI$TPR, | Fiked composition, 6202 5% 1/2W | 3
R431 RC20GF 6217
R450
4-28] R4l1l MIL RESI$TOR, [Fiked composition, 4, 7K +10% 1/2W| 2
R432 RC20GF 472K
4-29| R412 MIL RESI$TOR, [Fiked composition, 1200 £10% 1W 1
RC32GF 121K
4-30| R4l4 Chicago Tel. PQTENTIOMEFER, 25Q 2W 2
R4135 RA20LASB250A
4-31] R415 MIL RHESI$TOPR, | Fiked composition, 8292 5% 1W 1
RC32GF820J
4-32| R413 MIL RESISTOR, [Fiked composition, 130Q 5% 2W 1
RC42GF131J
4-33] R422 Ward Leonard RESI$STOYR, [Fiked, Wire wound, 1Q 10W 1
10F1
4-34| R423 Ward Leonard RESI$TOR,|Fiked, Wire wound, 2Q 10W 2
R424 10F2
4-35] R426 Ward Leonard RE[SIQT(R, |Fized, Wire wound, 1502 10W 2
R437 10F150
4-36 | R427 MIL [REJSISTJR, (Fixed composition, 6802 +10% 1W 2
R446 RC32GF681K
4-37| R429 MIL [RESIQTQR, {Fixed composition, 1.2K +10% 1W 2
R448 RC32GF 122K
4-38 | R433 MIL [RESISTQR, |Fited composition, 270Q +10% 2W 2
R416 RC42GF271K
4-39| R436 MIL IREISISTQR, |[Fized composition, 512 +5% 1W 1
RC32GF510J
4-40] R434 MIL BESISTOR, Fixed composition, 180Q £5% 2W 1
RC42GF'181J
4-41}] R451 MIL RESISTQR, |Fited composition, 3K 15% 2W 1
RC42GF302J
4-42| R453 Allen Bradley PAT ENTIOMETER, 1002 2W, Linear Taper 1
JLU-1011 or
JA1L040S8101UC
4-43 | R454 MIL RESBISTOR, [Fijed composition, 2.7K 5% 2W 1
RC42GF2727J
4-44 ( R455 Ward Leonard REKISTQOR, :Fbted, Axiohm, 500Q 5W 1
5X500
4-45 | R452 MIL REBISTOR, [Fided composition, 560Q +5% 1W 1
RC32GF561J
4-46 | R445 Ward Leonard RESISTOR, [Fided, Wire wound, 250Q 10W 1
10F250
4~47 | T401 TTI 5486 TRANBFORMER 1
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2 3 4 5 Py y
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER | MENT
NATOR 1 2 3 4 5 6 7 ASSY. CODE
4-48| TJ401- H,H. Smith Jalck, rLudg et [Banana (Black) 4
TJ404 221 ’
4-49| XF401 - Bussmann FUSEHJLDER 4
XF404 HKP
7-1 1EC adsafort. fao L-Lm-t CUNTRUL 1
T=Th
7-2 1701~ Halight LE ] theardesgent, 24V, Candelabra Base 3
1703 656
7-3 £{701- C.P. Clare HLLA 4 forn{ C I
5704 RP44L61-GRE
T-4 01 Cannon Gl hled 50 Uin Contact, 5 Amp Ruting 1
Do-500p
7-5 5701 Centralab SEITPH | liofary, Ceramic 1
PA-2011
7~6 XTI701- Dialight TEuIpATE JOLai 3
XTI703 514001-113
-7 XK701- sby sCT [ 14 1Py Hiniature 4
X704 9759-5
7-8 Whitso OB 1
.~105
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1 2 3 4 5 61 7
TTEM REFER. Crass [stock MFG. AND DESCRIPTION
NO. DESIG- NO. PART NO. Al v
NATOR 12 3 4 P Assy.| cooE
1 ticLean rder gLy | Blowsk 1
2u:B508C
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1 2 3 4 5 & 7 8
ITEM REFER. CLASS | STOCK MFG. AND DESCRIPTION UNIT | PROCURE- UNIT
NO. DESIG- NO. PART NO. PER MENT COSsT

NATOR 1. 2 3 4 5 6 7 ASSY. CODE {EST.)
9-1 MEC A§SEMBLY, 4 C+ANNEL TEST DATA KEYER
74-9A
9-2 C1 Cornell- CAPACITOR, |Fixed Mylar, .1lmfid, 400vdc 1
Dubilier MEC SPN C-03-06
PM4P1
9-3 cz2 Cornell- CAPACITOR, |Fixed Mylar, .0lmfd, 400vdc 1
Dubilier MEC SPN C-03-01
PM4S1
9-4 C3 Mallory CAPACITOR, [Computer Grade, Style #4, 1

3000mfd, 7bvde (in 2-1/16 Dia. x 4-1/2 Acetate
Inkulhtihg Sleeve)
MEC SPN C-06-07

9-5 CRI1- SEMI-CONDUCTOR DEVICE, DIODE 4
CR4 IN1692 MEC SPN D-01-06
9-6 CR5 SEMI-CONPUCTOR DEVICE, DIODE, Zener, 1
IN2984B 20V {With Insulated Mounting Hardware)
MEC SPN D-01-73
9-7 CRé6 SEM1-CONPUCTOR DEVICE, DIODE, Zener, 1
IN2976B 12V (with Ihsdlated Mounting Hardware)
MEC SPN D-01-74
9-8 Fl Buss FUSH, Amp MEC SPN F-01-11 1
AGC
9-9 I1-14 Eldema LAMP, lInchndescent (Milky Lens) 4
. 1CF3-6356 MEC SPN L-01-04
4A-6 59
9-10 15 G.E. LA , |Incandescent, Candelabra Screw Base, 1
5-6 130V} Qleayr MEC SPN L-01-11
9-11 J21 MIL
MS3102A-18-11P CONNECTOQR,| Receptacle, MEC SPN C-11-82 1
MS3106B-18-11S with Mating Cénnector MEC SPN C-11-83
MS3057-10 and Gable Clamp MEC SPN C-11-117
1
9-12 J22 MIL !
MS3102A-18-118 CONNELTOR,| Receptacle MEC SPN C-11-83 1
MS3106B-18-11P with Mating Cénnector MEC SPN C-11-82
MS3057-10 and Gablle Clatnp MEC SPN C-11-117
9-13 J23 MIL
MS3102A-22-14H CONNECTOR,| Receptacle MEC SPN C-11-140 1
MS3106B-22-144 with Making Connector MEC SPN C-11-151
MS3057-12 and Cablle Clamp MEC SPN C-11-45
9-14 J24 MIL
MS3102A-22-149 CONNECTOR,! Receptacle MEC SPN C-11-155 1
MS3106B-22-14H with Mating Cénnector MEC SPN C-11-144
MS3057-12 arld Gablle ¢lagnp MEC SPN C-11-45
9-15 L1 United INDUCTOR| MEC SPN 1-01-01 1
Transformexy
Corp.
HVC-6
9-16 N1 MEC SEMI-CIONPUCTOR DEVICE SET 1
TN901
7-20
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4

5

7

ITEM REFER. MFG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- PART NO. PER | MENT
NATOR 5 6 7 ASSY.! CODE
9-17 N2 MEC -CONEU CTOR DEVICE SET 1
TN506B
9-18 N3 MEC -CONDUCTOR DEVICE SET 1
TN432
9-19 N4, N5 MEC MY-CONPUCTOR DEVICE SET 2
TN4058
9-20 R1 Allen Bradley ENTIOMHETER, 5K, 1/2W 1
Type G MEC SPN P-02-10
9-21 R2 Allen Bradley DTENTIOMHETER, 50K, 1/2W 1
Type G MEC SPN P-02-10
9-22 R3, R4 Allen Bradley ENFIOMHTER, 1K, 2W, Linear Taper 2
JA1L040S102UC MEC SPN P-02-27
9-23 R5-RI12 MIL BTOR,| Fixed Composition, 240 Ohms, 8
RC20GF2417J 1/pwW
9-24 R13-R16 MIL ESISTOR, Fixed Composition, 620 Ohms, 4
RC20GF6217J 1/kwW
9-25 R17 LR,C, ESISTPR,f 4.|7 Ohms, +5%, 2W 1
Type BW-2
9-26 R18 ILLR.C. ESISTOR,| 1 Ohm, £5%, 2W 1
Type BW-2
9-27 R19 LR.C, ESISTPR,| 54 Ohm, 5%, 2W 1
Type BW-2
9-28 S1-S4 Centralab VI’DCI—%, Rotary, Non-Shorting, Ceramic 4
PA2015 MEC SPN S$-01-15
9-29 S5 Cutler VITCH, Toggle, DPDT 1
Hammer MEC SPN S-01-59
8906K 832
9-30 Sé Fenwal MIOSTAT MEC SPN $-01-119 1
17000
9-31 T1, T2 Triad RANSFORMER 2
HS-56 MEC SPN T-04-14
9-32 T3 MEC RANSFORMER 1
1-110
9-33 TJ1- H,H. Smith TEST JACK MEC SPN T-02-01 8
TJ8 1501-113
9-34 XF1 Bussman JSE HOLDER MEC SPN F-01-04 1
HKP
9-35 XI1- Dialco CKHET, Cariridge Connector 4
X14 7538-XP50 MEC SPN L-02-12
9-36 XI5 Dialco CATOR HDLDER 1
514001-111 MEC SPN L-02-13
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1 2 3 4 5 6 7
ITEM REFER. CLASS | STOCK MEG. AND DESCRIPTION UNIT | PROCURE-
NO. DESIG- NO. PART NO. PER MENT

NATOR 1 2 3 4 5 6 7 ASSY.[ CODE
9-37 XNI1- MEC SQCKET, 16 Rin 5
XN5 14-101
9-38 Eldema CARTRIDGE FASTENER, Speedclip (29 Finish) 4
11D-50284 MEC SPN L-02-38
9-39 Whitso KNOB MEC SPN K-01-01 4
K-105
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ADDENDUM
CHAPTER X

10-1. FOUR CHANNEL TEST DATA KEYER, MEC MODEL 74-9A
10-1.1. Function

10-1.1.1. The Four Channel Test Data Keyer is used to transmit a con-
tinuous burst of binary '"l1's on any combination of form channels. This unit is instal-
led in the MEC Model 74 Data Transmitter and works in conjunction with it. A schematic of
the Test Data Keyer is shown in Figure 10-1. The four Keyer outputs from the Model 74 are
wired to the Test Data Keyer Chassis by a jumper cable between the rack output connector,
J16, and connector J23 on the Test Data Keyer Chassis., These Keyer outputs are then rout-
ed directly through the 74-9A or are disconnected.

10-1.1.2. The Test Data Keyer continuously generates an all ''1"s pattern., This
output is wired to four switches on the front panel of the Test Data Keyer Chassis, each of
which is related to one of the four 71-12A Keyers located in the Model 74 Transmitter rack.
When a given switch is placed in the TEST position, the output of the 71-12A Keyer corres-
ponding to that switch is disconnected from the transmission line. The all "1"s output from
the Data Keyer Chassis is placed on the line. Since each line operates independently, the
output of the Test Data Keyer Chassis may be switched on to any combination of the four
transmission lines,

10-1,2., Circuit Analysis

10-1.2.1. Pulses are generated at a 1 kc rate by N1, a TN901 oscillator. The
output of N1, a positive-going pulse, drives N2, a TN506B one-shot. When N2 is triggered
the pin 10 output goes from -12 volts to 0 volts. The pulse is level shifted by Zener diode
CR7 and is used to turn on N3, a 2 kc gated oscillator. The output of N3 goes through a band
pass filter, R22, C5 and C6, and drives N4 and N5, two line driver amplifiers. The output
of N4 is used for driving lines 1 and 2 (corresponding to Transmitter 1 and 2). The output
of N5 drives lines 3 and 4.

10-1.2.2. The frequency of Nl is controlled by two potentiometers, R1 and R20.
Potentiometer Rl is the coarse frequency control, R20, the fine control. Since N3 is a gated
oscillator, the width of the input pulse determines the output wave form. Potentiometer R2
is a control on the width of N2, so that a proper signal may be generated by N3. The fre-
quency of N3 is determined by the tank circuit, L1 and C1.

10-1.2.3. The outputs of N4 and N5 drive impedance matchine transformers and
the two lines each. Each output of the transformers is padded to maintain a minimum of in-
terplay between circuits., When a given switch is placed in the OPERATE position, a dummy
load is placed across that output of the Test Data Keyer Chassis to maintain a constant load
on the transformer.

10-1.2.4, The Test Data Keyer also has a self-contained power supply which
requires 60 and 110 volts ac. This input voltage is brought into the chassis and stepped down
in T3. It is then full-wave rectified, filtered and regulated. The regulation is performed by
two Zener diodes, ©R5 and CR6.

10-1
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10-1.3. Installation .

10-1.3.1, The Test Data Keyer Chassis is installed in the center blank panel of
the MEC Model 74 Data Transmitter as follows:

Step 1. Remove the AC power cable from J15, located on the main con-
nector panel of the rack. Connect it to J21 of the Test Data Keyer.

Step 2. Connect the AC jumper from J22 on the Test Data Keyer to J15
Data Keyer. :

Step 3. Remove the output data cable from J16, located on the main con-
nector panel of the rack and place it on J24 of the Test Data Keyer.

Step 4. Connect the output data jumper cable from J16 of the rack con-
nector panel to J23 of the Test Data Keyer.

10-1,4. Adjustments

10-1.4.1., The main power for the Model 74 Data Transmitter rack operates in-
dependently of the AC power switch on the Test Data Keyer,

Step 1. Place the AC power switch located on the front panel of the Test
Data Keyer in the ON position.

Step 2. Allow 30 minutes for warmup.

Step 3. Place an ungrounded oscilloscope and a EPUT Meter on TJ1 and
TJ2.

Step 4. Place all contrcl switches in the TEST position. If there is no
signal on the oscilloscope, rotate R3 until one appears.

Step 5. Remove NZ.

Step 6. Adjust L1 until a 2 kc sine wave appears on the oscilloscope.
Step 7. Adjust R3 until the output is the desired amplitude.

Step 8. Replace N2,

Step 9. Adjust RZ2 until the output has one cycle of 2 kc followed by a blank
space followed by one cycle of 2 kc, etc.

Step 10. Using R1 as a coarse adjustment and R20 as fine, adjust the fre-
quency of N1 until the EPUT Meter reigsters 1 kc.

Step 11. Readjust RZ2 until the optimum signal appears on the scope (no
severe discontinuities, etc.).

Step 12. Place the oscilloscope leads on TJ6 and TJ7. Adjust R4 until the
desired output level is reached.

Step 13, When any of the Data Transmitter switches are placed in the OP-
ERATE position, the Model 71-12A Keyer corresponding to that
switch will output directly to the telephone line.

10-2
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TRANSISTOR POWER SUPPLY
MEC MODEL 165-4 C

1. GENERAL DESCRIPTION

A Milgo type 165-4C Power Supply has three outputs: the first, a +12v, (+lv, -3v) atl
ampere output; the second, a -20v, (+2v, -6v) at 2 amperes output; and the third, a -65v
(+5v) at one ampere output. The -65v supply is stacked on the bottom of the -20v supply,
thereby giving an output of -85v. The a-c input of this supply can vary from 100vac
to 130vac and from 45 to 60 cycles. The unit is mounted in a standard Milgo slide-type rack
and has a front panel 8-3/4 inches high by 8-7/8 inches wide. Its weight is approximately
35 pounds.

2.+12v SUPPLY

2-1. A portion of the output of transformer T401 is rectified by abridge rectifier CR401
and filtered by resistor R401 and capacitors C401 and C402. The voltage across capacitors
C401 and C402 is normally 20v (approxirnate). Transistor Q401 and resistors R402 and R403
act as a variable resistance element in series with the output load, which can be varied to
maintain a constant output voltage across a variable load. As the load current increases,
the effective resistance of Q401 is decreased so that the IR drop across R402, R403, and
Q401 will remain constant producing a constant output voltage. If the input a-c line voltage
should increase, the d-c voltage across filtered capacitors C401 and C402 would increase
and the effective resistance of Q401 must increase again sothat the outputvoltage will remain

constant.

Transistor Power Supply
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2-2. The effective resistance of Q401 is controlled by the control section, consisting of
transistors Q402, Q403, Q404, and thelr associated circuitry, Q404 determines whether
the output voltage is too high or too low and is followed by power amplifiers Q403 and Q402,
which amplify the control signal to the necessary power level for driving Q401. "he base
voltage of Q404 is refercnced from the output of 4.7v zener diode CR402, The emitter
voltage of Q404 is determined by the resistor divider network of R413, R414,and R415. The
voltage from the wiper of potentiometer R414 is applied to the emitter of Q404,

2-3. As the output voltage increases, the magnitude of the voltage from the wiper of
R414 will also increase proportionally. Since the output across zener diode CR402 remains
constant as the output voltage increases, the emitter voltage tends to go positive with respect
to the base voltage, driving Q404 toward cutoff. As Q404 goes toward cutoff, there is less
collector current through R410, so there is less base current in Q403., The emitter current
of Q403 decreases, reducing the current through R407 and base current of Q402. With less
base current in Q402, the emitter current decreases, reducing the base current of Q401,
With less base current, the effective resistance of Q401 willincrease. Therefore, the output
voltage decreases until Q404 senses the correct relationship between the output voltage and

the zener voltage of CR402.

2-4. If the output voltage decreases below the desired value, the portion of the output
voltage applied to the emitter of Q404 also decreases, tending to make the emitter more
negative with respect to the base., This increases the collector current of Q404, which in-
creases the base current of Q403, thus increasing the emitter current of Q403 and the base
current of Q402. This in turn increases the emitter current of Q402 and the base current of
Q401, which reduces the effective resistance of Q401, causing the output voltage to return to

its regulated value. Q404 actually is matching the zener voltage to the emitter voltage,

2-5, Since a portion of the output voltage applied to the emitter of Q404 can be varied by
potentiometer R414, and the emitter voltage of Q404 is to remain constant, the outputvoltage
must be changed as the resistor R414 is changed. Inthis manner, the regulated output voltage
canbe adjusted over a range of +9vto +13v. Capacitor C403 has been added to prevent hunting,
Resistors R402 and R403 are included to limit the peak current through transistor Q401 to a
safe value if the output terminal is short circuited, and to provide reverse bias for Q401 and
Q402. Resistor R404 provides a path for the leakage current of Q402 so that this currentdoes
not affect the base currentin 401, allowing Q401 tobe more nearly cut off during a light load,

3, -20v SUPPLY

3-1. A second portion of the output of transformer T401 is rectified by bridge rectifier
CR421 and filtered by parallel resistors R421A and R421B, and capacitors C421, C422, and
C423, The d-c voltage across capacitors C421, C422, and C4231is 30v (approximate). Trans-
istors Q421 and Q422 with their associated resistors R423, R424, and R422 act as a variable

resistance element in series with the output load, which can be varied to maintain a constant
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output voltage across avariable lond. As the load current increases, the effective resistance
of Q421 and Q422 is decreased so that the TR drop across R422, R423, R424, Q421, and Q422

will remain constant, producing a constant output voltage.

3-2, Ifthe inputa-cline voltage should increase, the d-c voltage across filter capacitors
C421, C422, and C423 would increase, and the effective resistance of Q421 and Q422 must
increase again to keep the output voltage constant. The effective resistance of Q421 and Q422
is controlled by the control section, consisting of transistors Q423, Q424, and Q425 and their
assoclated circuitry. Transistor Q425 determines whether the output voltage is too high or
too low and is followed by powér amplifiers Q424 and Q423, which amplify the control signal
to the necessary power level for driving Q421 and Q422, The base voltage of Q425 is refer-
enced from the output by a 4,7v zenerdiode CR422. The emitter voltage of Q425 is determined
by a resistor divider network R434, R435, and R436. The voltage from the wiper of potentio-
meter R435 is applied to the emitter of Q425,

3-3. As the output voltage increases, the magnitude of the voltage fromthe wiper of R435
will increase proportionally. Since the output across CR422 remains constant as the output
voltage increases, the emitter voltage tends to become positive with respect to the base
voltage, driving Q425, which is an NPN transistor, toward cutoff. As Q425 goes toward
cutoff, there isless collector current through R431, and consequently, thereisless base current
in Q424. With less base current in Q424, the emitter current of Q424 decreases, With less
emitter current in Q424, the current through R428 and the base current of Q423 also decrease,
This reduces the emitter current in Q423 and reduces the base current in Q421 and Q422,
Lessbase currentinQ421 and Q422 increases their effective resistance, which increases the
IR drop across them. Therefore, the output voltage decreases until Q425 senses the correct

relationship between the output voltage and the zener voltage of CR422,

3-4, Conversely, if the output voltage decreases below the desired value, the portion of
the output voltage applied to the emitter of Q425 also decreases, tending to make the emitter
more negative with respect to the base. This increases the collector current of Q425, in-
creasing the base current of Q424, which in turn intreases the emitter current of Q424 and
the base current of Q423, This, in turn, increases the emitter current of Q423 énd the base
current of Q421 and Q422, reducing the effective resistance of Q421 and Q422, and causing.
the outpu't voltage to return to its regulated value. Transistor Q425 is actually matching the

zener voltage to the emitter voltage.

3-5. Since a portion of the output voltage applied to the emitter of Q425 can be varied by
potentiometer R435, and the emitter voltage of Q425 is to remain constant, the outputvoltage
will have to be changed as the resistor R435 is changed. In this manner, the regulated
voltage of this supply can be adjusted from -14v to -22v. Capacitors C425 and C424 provide

feedback for stabilization purposes.

3-6. Resistors R423 and R424 servetwofunctions, First, they force the collector current

of Q421 and Q422 to balance. Since the bases are tied in common, if one transistor conducts
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more than the other, the higher IR drop i1 their associated resistor would tend to reverse

bias the transistor with the most current and, in this manner, force the currentstobalance,

Second, if the output supply is shorted, resistors R422, R423 and R424 limit the peak current

through Q421 and Q422 to a safe value while fuse F402 is me}ting. Resirtor R425 provildes a

path for the leakage current of Q423 so that this leakage current does not affect the base

current in Q421 and Q422. This allows Q421 and Q422 to be more nearly cut off during a
. light load.

4, -65v SUPPLY

4-1. A third portion of the output of transformer T401 is recti{iedﬂ)y a bridge rectifier
CR441 and filtered by resistor R441 and capacitors C441 and C442. The voltage across
capacitor C44l and C442 is normally 75v (approximate). Transistor Q441, and resistors
R442 and R443, act as a variable resistance element in series with the outputload, whichcan
be varied to maintain a constant output voltage across a variable load, As the load current
increases, the effective resistance of Q441 is decreased so that the IR drop across R442,
R443, and Q441 will remain constant, producing a constant output voltage, If the input a-c
line voltage increases, thed-c voltage across filtered capacitors C441 and C442 will increase

and the effective resistance of Q441 must increase again so that the output voltage will re-

main constant.

4-2, The effective resistance of Q441 is determined by the control section, consisting of
transistors Q442, Q443, and Q444 and their associated circuitry. Q444 determines whether
the output voltage is too high or too low and is followed by power amplifiers Q443 and Q442,
These amplify the control signal to the necessary power level for driving Q441. The emitter
voltage of Q444 is referenced from the output by a 12v zener diode CR442, The base voltage
of Q444 is determined by the resistor divider network of R452, R453, and R454. The voltage
from the wiper of potentiometer R453 is applied to the base of Q444, The zener is referenced

from the positive side of this supply to reduce the emitter-to-collector voltage of Q443 and
Q444 to less than 25v,

4-3, As the outputvoltage increases, the magnitude of the voltage from the wiper of R453
will also increase proportionally, Since the output across zener diode CR442 remains
constant as the outpﬁt volts increase, the base voltage tends to become negative with respect
to the emitter voltage, driving Q444 toward cutoff, As Q444 goes toward cutoff, thereisless
collector current through R450 and less base current in Q443, The emitter current of Q443
decreases, reducing the current through R447 and the base current of Q442., With less base
current, the Q442 emitter current .devc.re‘ases, reducing the base current of Q441, W__ifh less
base current, the effective resistance of Q441 .increases. Therefore, the output voltage de-

creases until Q444 senses the correct relationship between the output voltage and the zener
voltage of CR442,

4-4. I the output voltage decreases below the desired value, the portion of the output

voltage applied to the base of Q441 also decreases, tending to make the base more positive
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with respect to the emitter. This Increases the collector current of Q444, increasing the
base current of Q443, and increasing the emitter current of Q443 and the base current of
Q442. This in turn increases the emitter current of Q442 and the base current of Q441, re-
ducing the effective resistance of Q441, and causes the output voltage toincrease and to return

to its regulated value. Q444 is actually matching the zener voltage to the base voltage.

4-5. Since a portion of the output voltage applied to the base of Q444 can be varied by
potentiometer R453, and the base voltage of Q444 is to remain constant, the output voltage
will have to be changed as the resistor R453 is changed. In this manner, the regulated output
voltage can be adjusted over a range of ~-60v to -70v. Capacitors C443 and C444 have been
added to prevent hunting, Resistors R442 and R443 are included to limit the peak current to
transistor Q441 to a safe value if the output terminal is short circuited, and to provide re-
verse bias for Q441. Resistor R444'provides a path for the leakage current of Q442 so that
this current does not affect the base current in Q441, This allows Q441 to be ‘more nearly
cut off during a light load. This -65v power supply is stacked onthe bottom of the -20v supply

giving a combined output of ~-85v,
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TN 51
ONE-SHOT (MONOSTABLE MULTIVIBRATOR)

The TN51 is a one-shot {monostable multivibrator) used for generating a pulse,
variable in width from a minimum of 160 microseconds to over 2 milliseconds. In the
Quiescent condition, transistor Ql is saturated by the base current through resistor R3.
Since transistor Q1 is saturated, voltage divider R7 and R8 is connected between +15 volts

and 0 volts, establishing a positive reverse bias voltage 6n the Q2 base and keeping Q2
cut off,

Resistors Rl and R2 form a voltage divider, establishing a noise bias of approximately
-2.5 volts, so that normal input noise does not trigger the network. A positive pulse of not
less than 10 volts, with a rise time not greater than 4 microseconds, will trigger the net-
work by cutting off transistor Ql, Transistor Ql is cut off when the input pulse raises the
base voltage of transistor Ql above 0 volts, Capacifor Cl is used to differentiate the input

pulse so that a long duration input pulse will not affect the length of the output pulse.

With Q1 cut off, resistors R4 and R7 provide a path for the base currént of transistor
Q2, and Q2 saturates. The collector voltage of transistor Q2 will rise from -25 volts al-
most to 0 volts. This rise of voltage is coupled to the base of transistor Q2 via capacitor
C2, keeping transistor Q1 at cut off until the R-C time of capaéitor C2 and resistor R3 allows

the base voltage of transistor Ql to return below 0 volts,

Q2. .

Q1 saturates again and cuts off

This time can be lengthened by adding capacitance in parailel with capacitor C2. The
terminals of C2 are brought out on pins 6 and 7 of the network. CR2 is used to decrease
the fall time of the output pulse by preventing C2from discharging through Ré. Resistor R5
provides a d-c path for the current of C2.,, This network will operate on lowe¥r, supply volt-

ages such as +12 volts and -20 volts, or +10 volts and ~15 volts,
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ME 905

TN 518B
MONOSTABLE FLIP-FLOP

A TN5IB is a monostable flip-flop used for generating a pulse, variable in width
from a minimum of 160 microseconds to over 2 milliseconds, In the quiescent condition,
transistor Ql is saturated by the base current through resistor R3., Since transistor Ql
is saturated, voltage divider R7 and R8 is connected between +15 volts and 0 volts,
establishing a reverse bias voltage on the Q2 base and keeping Q2 cut off,

Resistor Rl and R2 form a voltage divider, establishing a noise bias of approxi-
mately -2.5 volts, so that normal input noise does not trigger the network, A positive
pulse of not less than 10 volts with a rise time not greater than 4 microseconds will
trigger the network by cutting off transistor Ql. Transistor Ql is cut off when the input
pulse raises the base voltage of transistor Ql above 0 volts, Capacitor Cl is used to
differentiate the input pulse so that a long duration input pulse will not affect the length
of the output pulse.

With Ql cut off, resistors R4 and R7 provide a path for the base current of tran-
sistor Q2, and Q2 saturates, The collector voltage of transistor Q2 will rise from -25
volts almost to 0 volts. This rise of voltage is coupled to the base of transistor Ql via
capacitor C2, keeping transistor Ql at cutoff until the R-C time of capacitor C2 and
resistor R3 allows the base voltage of transistor Ql to return below 0 volts, Ql saturates
again and cuts off Q2,

This time can be lengthened by adding capacitance in parallel with capacitor C2.
The terminals of C2 are brought out on pins 6 and 7 of the network. CRZ2 is used to
decrease the fall time of the output pulse by preventing C2 from discharging through Ré6.
Resistor R5 provides a d-c path for the current of C2. This network will operate on
lower supply voltages, such as +12 volts and -20 volts.
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TN 57
DUAL PULSE AMPLIFIER

The TN57 contains two PNP transistors connected as two independent conventional amplifiers,
Only one of these will be discussed since the other is identical to it, As normally used, a
supply voltage is connected to pins 3 and 1 with the plus side on pin 3, Pin 2 will be the input
and pin 4 the output, As long as pin 2 is more positive than pin 3 the transistor is cut off
and the voltage at pin 4 will be the same as the voltage at pin 1. When pin 2 is approximately
0.5 volts negative with respect to pin 3 the transistor will saturate and the voltage at pin 4 will

go positive until it saturates, approximately 0. 25 volts more negative than the emitter. Caution

-must be used to connect an external base resistor in series with pin 3 to prevent damage to

the transistor, The value of the external base resistor is dépendent upon how negative the
driving voltage goes and upon the external load that is connected to pin 4. To insure saturation

the base current should be at least 1/20th of the collector current.

The TN57 may also be used in a variety of applications by the addition of external

components,
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TN 58
DUAL EMITTER FOLLOWER

A TN58 consists of two NPN transistors connected as independent emitter followers, As
normally used, a supply voltage is connected to pins 4 and 1 with the plus side on pin 4. As
the voltage at pin 2 is varied, between the voltages at pins 4 and 1, the transistor will conduct
and the voltage at the emitter, pin 3, will be approximately 0.4 volts more negative than the
voltage at pin 2. Because of the power gain of the transistor a lower impedance load can be

driven from pin 3 than could have been driven from the signal applied to pin 2,

The TN58 may also be used in a variety of applications by the addition of external com-

ponents.
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TN 79
RELAY DRIVING FLIP-FLOP

A TN79 is a bistable flip-flop which can be used for driving a relay coil (or other load)
of 200 ohms or more., The external load is connected between pins 8 and 1. The network is
normally said to be in the ""Off'" condition when transistor Q1 is saturated and Q2 is cut off,
leaving the relay de-energized. The '""On", or "1", condition is the opposite, with Q1 cut off

and Q2 saturated, causing the relay to energize,

If we assume that Q1 is saturated, then its collector is at approximately -0.25 volts,
Resistors R4 and R5 are then connected from +15 volts to 0 volts and by divider action hold
the base of Q2 at apprbximately +3.5 volts. | Since the emitter of QZ is .at 0.vo'l.ts, this reverse
bias keeps Q2 -cut off. With Ql saturated, its base will be at approximately -0.5 volts, and
the current through resistor Rl is approximately 0,25 ma. The current through the series
combination of R2 and the external load resistor, which may vary from 300 ohms to 3K, will
vary from 0,93 to 0.85 ma. The difference between the currents in Rl and in R2 is the base
current of Ql, which is sufficient to drive Q1 to saturation., This satisfies the original con-

dition; therefore, that condition is a stable one.

The input voltages at pins 3, 6, and 7 must be negative during quiescent conditions, The
flip-flop may be turned "On'" by raising the voltage at pin 3 to a positive value so the diode
CR1 conducts, raising the base voltage of Ql to a positive value. The input pulse will be »
loaded slightly and cannot be generated by a high impedance source, With the base of Q1
positive, Ql is now reverse biased and cut off. With Q1 cut off, R4 and RS are no longer,
connected between 0 and +15 volts, and Q2 is no longer clamped off. Instead, Q2 base current
may now flow through resistors R5 and R3, causing Q2 to saturate. Resistors Rl and R2 are
now connected from +15 volts to 0 volts, and hold the base of Ql at approximately +4,5 volts,
keeping Q1 in a cut off condition after the input pulses pass. This is the other stable con-
dition which will be maintained until Q2 is cut off by a positive pulse at either pin 6 or pin 7,
A positive pulse at either of these pins turns Q2 off, allowing base current from Q1 to be

conducted through R2 and the external load, driving Q1 back into saturation and restoring

the initial condition.

Diode CR2 is included to suppress the external relay coil connected across pins 8 and 1,
As Q2 goes from saturation to cut off, the relay coil is de-energized. HoWever, the
inductance in the relay coil attempts to maintain the current through the coil by driving the
voltage at pin 8 much more negative than the -26 volt supply. If this were allowed to happen,
Q2 could be damaged by excessive emitter-collector voltage. To prevent this, diode CR2
is added. During most phases of the cycle, CR2 is reverse biased and does not enter into

the operation of the circuit, When the relay is de-energized and pin 8 is driven negativ'e by
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the relay inductance, CRZ is [orward biased and conducts, providing a path for current

through the relay coil and eliminating the voltage spitke. This network will operate on a

lower supply voltage, such as +12 volts and -20 volts,
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TN 90B
BALANCED FLIP-FLOP AND DIVIDER

The TN9OB is a bistable balanced flip~-flop. An auxiliary input (pin 3) allows the
network to be used as a divider in a counter,

The network is defined as being in the '"0'" state when QI is saturated and Q2 is
off and in the "1" state when the reverse is true. Assume that Ql is saturated (''0'" state)
then the collector voltage of Q1 will be approximately 0 volts and resistor divider, Rl
and R7, will maintain approximately +3.5 volts of reverse bias on the base of Q2, keep-
ing it cut off, With Q2 cut off, resistors R3 and R6 will provide a path for Ql base cur-
rent, clamping Ql in saturation. This condition is stable and will not be changed until
an input is received on pin 3 or pin 6. Pin 6 is in "1'" input, in that a positive pulse above
0 volts at pin 6 will cause CR3 to conduct, thus driving the base of Ql positive above 0
volts, reverse biasing Ql, subsequently cutting Ql off. As QIl is cut off its collector will
go negative and due to the resistor divider, Rl and R7, the base of Q2 will go negative.

As the base of Q2 goes negative, Q2 will go into saturation, As Q2 saturates, its collector
will go positive and due to the resistor divider of R2 and R3 the base of Ql will be reverse
biased at approximately +3.5 volts, keeping QI cut off, after the input pulse has passed.
The network will remain in the ''1'" state until reset by a positive pulse on pin 7 or trig-
gered from a pulse on pin 3, the counting input, If a positive pulse is applied on pin 3
through an external capacitor for differentiation, both Ql and Q2 will be cut off. Capaci-
tors Cl and C2 retain charges which are dependent upon which one of the transistors was
saturated before the input pulse occurred. Since the input pulse is differentiated by a small
input capacitor, it will last a very short time, less than one microsecond. At this point,
the internal capacitors Cl and C2 take over, turning on the transistor that had previously
been off, For example; assume the network is the "'1' state, therefore Ql is cut off and Q2
is saturated. The voltage across Cl will be approximately 3.5 volts and across C2 will be
approximately 26 volts, When pin 3 goes positive above 0 volts, both bases will be driven
positive, cutting the transistors off., The collector of Q2 starts to go negative from 0 volts
to =23 volts. Since this occurs almost instantaneously and Cl has been charged only 3.5
volts the base of Q1 will go negative, turning Ql on. As Ql is turned on, Q2 is held cut
off and we are now in the "0'" state as explained previously, Note, since the collector of
Ql was at =23 volts before the pulse occurred on pin 3 and there wasn't any change of col-
lector voltage when the pulse did occur. The base of Q2 would not experience any change
through C2, The output pins of the network are 5 and 8. When the network is in the "0"
state pin 5 will be at 0 volts and pin 8 will be approximately -23 volts and the reverse is
true when the network is in the ''1'" state, Although the description of operation has been
based on voltages of +15 volts and -25 volts this network will operate equally on voltages
of +12 volts and -20 volts or +10 volts and -15 volts.
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TN 111
ONE-SHOT (MONOSTABLE MULTIVIBRATOR)

The TN111 is a one-shot (monostable multivibrator) used for generating a pulse
‘which can be varied from a mi.nimum of one microsecond to well over 200 microseconds. In the
quiescent condition, transistor Ql is saturated by the base current through resistor R3,
Since transistor Ql is saturated, voltage divider R7 and R8 is connected between +15 volts

and zero volts, establishing a reverse bias voltage on the Q2 base and keeping Q2 cut off.

Resistors Rl and R2 form a voltage divider, establishing a noise bias of approximately
-2.5 volts, so that normal input noise will not trigger the network, A positive pulse of not
less than 10 volts, with a rise timme mot greater than 0.5 microseconds, will trigger the net-
work by cutting off transistor Ql. Transistor Ql iscut off when the input pulse raises the
base voltage of transistor Q1 above zero volts. Capacitor Cl is used to differentiate the in-

put pulse so that a long duration input pulse will not affect the length of the output pulse.

With Ql cut off, resistors R4 and R7 provide a path for the base current of transistor
Q2, and Q2 saturates. The collector voltage of transistor Q2 will rise from -25 volts to
almost zero volts. This rise in voltage is coupled to the base of transistor Ql through
capacitor C2, keeping transistor Ql at cutoff until the R-C time of capacitor C2 and resistor
R3 allows the base voltage of transistor Ql to return to less than zero volts. QI saturates

again and cuts off Q2.

This fime can be lengthened by adding capacitance in parallel with capacitor C2. The
terminals of C2 are brought out on pins 6 and 8 of the network, CR2 is used to decrease

the fall time of the output pulse by preventing C2 from discharging through R6. Resistor R5
provides a dc path for the current of C2. This network will operatesonilower power supply
voltages, such as +12 and -20 volts, or +10 and -15 volts.

Page 1 of 2




RE8
47K
+
o
<(p

) 4 2
T O.V.
,§¥
o e
Il (o] CRI 5 E € 5
O v Q Q2
560 4 0 . ov
INPUT C r(f} 9) SN “r
' ®
c2 CR2 JL
L H 7 7
'&37 2 OUTPUT
Y v N
~ < 9
ozg“‘ mgy M§5 tQ§~. i 3
m Kiwn v © TV
L 2 — 9 l L {
-25
DELAY. 1S APPROX.| EXTERNAL CAP
Ips AS \S. FOR LONGER O
© 8
: DELAYS CRI, CRZ ARYAC
T Q\ ., Q2 Z2N3\6
Schematic,

TN111 One-Shot Monostable Multivibrator
Dwg. #A103S111A

Page 2 of 2



- TN 130B
CORE DRIVER

The TN130B is a blocking oscillator with amplifier which generates a positive going
pulse from -20 volts to 0 volts, with a time duration determined by the core with which it is
used. The TN130B is normally used with a MEC Model MN13 core, which gives it a pulse

width of approximately 40 microseconds.

In the quiescent condition, transistor Q1 is maintained in cut off. The emitter voltage
of Ql is determined by the forward voltage drop of diodes CR2 and CR4 (1,5 volts) and is at
approximately -18,5 volts, The base of Ql is returned to -20 volts through R2 and the
feedback winding of the core, connected from pin 5 to -20 volts. The d-c impedance of the
feedback winding is approximately 5 ohm s; thus the base of QI is nearly -20 volts, keeping
Ql reverse biased approximately 0.7 volts and properly cut off, Since there is no Q1 col-

lector current, the collector voltage is+12 volts.

A positive going input pulse at pin 3 is coupled by capacitor Cl1, diode CR1, and
capacitor C2, paralleled with R2 to the base of Ql, This pulse starts Q1 conducting. The
resulting Ql collector current passes through the collector winding of the external core.
This generates a voltage across the collector winding coupled through the core to the feed-
back winding. By noting the phasing of the windings on the core, it can be seen that, as the
collector voltage becomes negative, the voltage at pin 5 is becoming positive, This in turn
drives Ql further into conduction,b even after the input pulse has been differentiated by Cl.
Q1 saturates in approximately one microsecond with an emitter-collector voltage of approxi-
mately 0,25 volts, Q1 will remain saturated as long as transformer action in the core’
continues to drive pin 5 of the TN network sufficiently positive to cause QI base current to
flow. The pulse width (approximately 40 microseconds for an MN13 core) is determined by

the characteristics of the core.

When the core material finally reaches saturation, transformer action in the core will
cease, the feedback winding will no longer drive pin 5 positive, and Q1 base current will
stop. This cuts off Ql. With no current in the collector winding of the core, the current
in the reset winding resets the core. This reset current is furnished to the reset winding
(pins 4 and 5 of the core) through resistor R4 and diodes CR2 and CR4. This involves going
from the plus saturation condition attained during the output pulse to a minus saturation
condition (reset). During this time, the voltages at the feedback winding and the collector
winding are reversed. The reversal of a voltage at the feedback winding increases the re-
verse bias on Ql, The reversal of voltage in the collector winding tends to drive the output
voltage somewhat more positive than the +12 volts on pin 7. It takes approximately 30

microseconds for the reset action to be accomplished.
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The amplifier section Q2 is normally biased to cutoff by voltage divider R7 and Ré.
With no collector current flowing, the quiescent cpllector voltage of Q2 is -20 volts., The
negative going pulse generated by the blocking oscillator section is coupled to the amplifier
base through CR3, R5, and C3. The diode provides for rapid cut off of the amplifier, there-
by minimizing the fall time, R5 and C3 serve as base current limiting and rise time deter-
minants, The load is connected between -20 volts and 0 volts and should be 1imited to no

less than B ohms (20 to 24 MNI11 cores),
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ME 905

TN 138
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TN138 is a monostable flip-flop used for generating a pulse which can be
varied in width from a minimum of about 2 microseconds to over 200 microseconds, In
quiescent condition, transistor Ql is saturated by the base current through resistor R3.
Since transistor Ql is saturated, voltage dividers R7 and R8 are connected between +15
volts and 0 volts, establishing a positive bias voltage on the Q2 base, and keeping Q2 cut
off. Resistors Rl and R2 form a voltage divider, establishing a noise bias of approxi-
mately -2.5 volts, so that normal input noise does not trigger the network,

A positive pulse of not less than 10 volts, ‘with a rise time not greater than 1 micro-
second, will trigger the network by cutting off transistor QL Q1 is cut off when the input
pulse raises the base voltage above 0 volts. Capacitor Cl is used to differentiate the
input pulse so that a long duration pulse will not affect the length of the output pulse.

With Q1 cut off, resistors R4 and R7 provide a path for the base current of tran-
sistor Q2, and Q2 saturates., The collector voltage of transistor Q2 will rise from -25
volts to nearly 0 volts. This rise of voltage is coupled to the base of transistor Ql
through capacitor C2, keeping transistor Ql at cutoff until the R-C time of capacitor C2
and resistor R3 allows the base voltage of transistor QI to return to less than 0 volts.
Ql now saturates again and cuts off Q2, This time can be lengthened by adding cap-
acitance in parallel with capacitor C2.

The terminals of C2 are brought out on pins 6 and 8 of the n=twork. CR2 is used
to decrease the fall time of the output pulse by preventing C2 from discharging through
R6. Resistor R5 provides a d-c path for current of C2. Q3 is the emitter-follower
which will drive a load of 200 ohms,
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TN 138 8B
ONE-SHOT WITH EMITTER FOLLOWER OUTPUT

The TN138B is a one-shot {monostable multivibrator} with an emitter follower output,

This network can drive low impedance loads because of the emitter follower output,

The network's quiescent state is with Q1 saturated and with Q2 cut off. The base of Q1
is forward biased by R3 which is connected to -25 volts, thus saturating Ql. Since Ql is sat-
urated, the base of Q2 is reverse biased by the voltage divider R7 and R8 between +15 volts
and the collector of Q1 (0 volts), With Q2 cut off, its collector is at approximately -~25 volts;
therefore the base of Q3 is at the same voltage as the emitter of Q3, keeping Q3 near cut off.
Pin 7 will be at -25 volts and pin 5 will be at 0 volts, The resistor divider of Rl and R2 will
maintain a reverse bias on diode CR1 of approximately 2.2 volts for protection against noise
impulses. When a positive pulse of sufficient amplitude is applied to pin 3 to cause conduction
of CR1, transistor Q1 will be cut off. The collector of Q1 will therefore go negative toward
-25 volts, This negative going voltage potential is coupled to the base of Q2 through C3 and
R7. This will cause the base of Q2 to go negative with respect to the emitter. Q2 will now
conduct, and starts to saturate rapidly. The collector of Q2 will now go positive from -25volts
to 0 volts. This voltage change, being coupled through C2 to the base of Ql, will keep Q1 cut
off after the ihput pulse has passed. C2 has now been charged, and will start to discharge
through R3. When C2 has discharged sufficiently to allow the base of Q1 to return to its qui-
escent negative potential, QIl will saturate, As QI saturates, its collector will go positive,
Due to the resistor divider of R7 and R8, the base of Q2 will also go positive, reverse biasing

Q2 and cutting it off. The one-shot has now returned to its quiescent condition.

The time constant of R3 and C2 determines the pulse width, which is about 1 microsecond.
By adding external capacity across pins 6 and 8, the RC time constant is increased and thus
the pulse width is increased. When Q2 is saturated, the base of Q3 will be positive in respect
to the emitter, and this will cause Q3 to go into saturation, Pin 7, the output of the emitter
follower, will go to 0 volts. Q3 will be in saturation as long as Q2 is in saturation, When

Q2 is cut off, Q3 will be near cut off, and pin 7 will return to -25 volts.

Although the description of operation has been based on voltages of +15 volts and -25

volts, this network will operate equally on voltages of +10 volts and -15 volts.
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MAGNETIC CORES

1. GENERAL

A component commonly used in digital data handling equipment is a magnetic core. The
term magnetic core is usually applied to a small torroid composed of magnetic material
which has high permeability and also high retention. This material will have what is called
a square hysteresis loop, shown in Point A, Figure MN-1. Because of this square hystere-
sis loop, there are two stable energy states, which make the ‘cores adaptable to digital cir-
cuits, Magnetic cores are commonly used for shift registers, "and'" gates, "or'" gates,

and other logic circuits, in addition to their use as blocking oscillator transformers.
2, THEORY OF OPERATION
2-1, GENERAL

a, The action of a magnetic core can best be described by referring to the drawing of the
hysteresis loop (Figure MN-1). The magnetomotive force, or ampere-turns, applied to the
winding of a core is measured along the X axis. Magnetic flux density (gausses), or flux
lines per square centimeter, is being measured along the Y axis. Once a core has been
magnetized and had this magnetization reversed several times, the relationship between

flux density and magnetomotive force is described by the hysteresis loop in Figure MN-1,

b. With no current going through any of the core windings, the flux density will be either
at point D or at point H, depending upon the direction in which the core has most recently
been saturated., If the core is assumed to be at point D on the hystere'sis loop and ampere-
turns are applied in the negative direction, the relationship between the flux density and the
magnetomotive force will follow the line DE. If additional ampere-turns are applied in the
negative direction, the core will go on to condition F, at which point saturation has occurred
and additional ampere~turns of magnetomotive force will result in only a minor increase in

flux level to point G.
c. If the current through the windings is now removed, the core will return to point H on

the hysteresis loop. Even though there are no ampere-turns, there is still a flux density

proportional to OH in the core. The characteristics of the core material are such that this
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Figure MN-1. Square Hysteresis Loop

flux density will remain indefinitely as though it were a permanent magnetic. I the direc-
tion of current in the winding is reversed, positive ampere-turns are applied. This will
move the condition of the core from H to A and on to B, at which point the core is now satu-
rated in the positive direction and additional ampere-turns of magnetomotive'force will
cause very little change in flux density to point C. When the current in the coil is removed,

the core will now go from C to D, where it will remain indefinitely until driven again,

d. The net change in flux, when going from a negative quiescent state to plus saturation,
is proportional to HJ. It should be noted that other windings on the magnetic core will sense
this change in flux and will generate a voltage proportional to the number of turns and the
rate of change of flux. Figure MN-2 shows a simple magnetic core with three windings on
it. If poéitive'am_pere-turns are then applied to winding No. 1, the core condition effective-
ly goes from D to B. Since the hysteresis loop is very square, the change in flux during
this time (proportional to DJ) is very small when compared to HJ. As a result, the voltage

generated in coil No. 2 will be very small at this time.

e. I negative ampere-turns are again applied so that the core goes from D to E to F, the
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Figure MN-2. Simple Magnetic Core

change in flux will be proportional to DL. The voltage generated in winding No. 2 will now
be equal in magnitude, but opposite in polarity, to the voltage generated in that winding
when the core went from H to B, These pulses can be separated with diodes and used for
different purposes in logic circuits. The two stable states, D and'H, are referred to as

the "0" state and the '"1" state respectively.

2-2. MNI11 MAGNETIC CORE

a. A Milgo MNI11l magnetic core has four windings and associated components designed

specifically for shift register application (Figure MN-3). Pin 7 is connected to a -25v sup~
ply. The core drive pulse, applied to pin 1, travels from -25v to approximately zero vo!.tl
and return, with a..riae time no greater than 5 microseconds and a fall time no greater than
10 microseconds. The pulse width must be at least 10 microseconds at 50 percent of meas=-

ured points, but is normally approximately 40 microseconds wide.

b. This positive going pulse applied to pin 1 resuits in amper'e-turns driving the core be-
yond positive saturation (Point C in Figure MN-1). When the core drive pulse has passed,
the core is left in state D, which is defined as "O' state. The voltage at pin 8 is normally
maintained at -25v but is raised to approximately -16v to insert a ""1" into the core. It can
be seen that the current in the input winding, as a result of a positive going pulse applied to
pin 8, will magnetize the core in an opposite direction to that of the drive pulse. The state
of the core will go from D to G on the hysteresis loop (Figure MN-1), and when the input

pulse is passed, the core remains at H, which is defined as a "1" state.

¢, When the next drive pulse occurs, the flux will travel from point H to Point C, and

Page 3 of 8




Rev. 6/15/61

transformer action of the core and windings will result in a positive pulse being generated

at the ‘dot end of all four windings., This positive pulse will be approximately 9v in magni- .
tude with a rise time of approximately 6 microseconds., Once the core has gone from nega-

tive saturation to positive saturation, there will be no more flux change even though the

drive pulse is still present, and no additional voltage is generated in the windings. This

switching time, which takes place in approximately 6 microseconds, determines the width

of the pulse generated by the windings.

d. The 9v pulse generated in the advance winding causes diode CR3 to conduct, and will
charge capacitor C3 to approximately -16v. After the core has switched to positive satura-
tion, the voltage at pin 6 will revertto -25v. Diode CR3, however, prevents capacitor C3
from discharging through the advance winding, so the charge is held on C3 until it discharges

through an external load.

e. During a core drive pulse, the voltage at pin 2 jumps from -25v to approximately zero
volts because of the IR drop in Rl caused by the shift current. With pin 2 at approximately
zero volts, diode CR2 will be reverse biased and no current can flow from pin 8 through CR2
and the input winding. After the core drive pulse has passed, the -16v charge on one C3
can now discharge through CR2 and the input windings of the next core, driving it to the 1"
state, A "1" can be inserted by raising pin 8 to ~21v, or more positive. It should be pointed

out that a "1" can also be inscrted through pin 3, or by applying a pulse to pin 5, which be-

comes approximately 8v positive with respect to pin 4, If there is no ''1'" inserted between
core drive pulses, the next core drive pulse will drive the core from point D to point C on
the hysteresis loop, resulting in a very small change in flux density, This will result in a
very small voltage being generated in the windings (approximately 0.5v), giving a signal-to-

noise ratio of approximately 18 to 1.

f. It should be noted that energy transferred to a load while shifting out a ""1'" comes from
the core driver and not from the core. The energy in the core merely allows energy to be
transferred to the output winding while the core is acting as a transformer. The Milgo MN11

operates équally well on a power supply voltage of -20v instead of -25v as described.
2-3. SHIFT REGISTERS

a. When connected to form a shift register, MN11l cores are connected as shown in Figure
MN-3, If a positive-going pulse is applied to pin 8 of the first core, a "'1'" will be inserted
into that core. During the next core drive pulse, all of the cores will be pulsed simultane-

ously, since they are connected in parallel, The resultant 9v pulse from the advance winding
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of the first core will charge the capacitor in the first core to approximately -16v, When
the first core has switched from minus saturation to plus saturation, there will no longer
be any voltage generated in the advance winding. CR3 of the first core will prevent the
capacitor from discharging through the advance winding, however, and CR2 in the second
core prevents this capacitor from diécharging through the input winding of the second core,
CR2 is reverse biased because of the IR drop in the resistor of the second core caused by

the shift current,

g. When the shift pulse has passed, the pin 2 voltage of the second core will go back to

~-25v and the capacitor in the first core may now discharge through the input winding of the
second core. The resultant current through the input winding is sufficient to drive the second
core from point D to point G on the saturation curve, so that when C3 is completely dis-
"charged, the second core will be in a "1" state. While this second core was being switched
from plus saturation to minus saturation, flux linkages were changing in all of the windings
of this core, with the result that a voltage was generated in all of these coils with the dot end
of the winding negative. Diode CR1 will prevent any current flow in the drive winding as a
result of the generated voltage, and the diode CR3 will prevent any current flow in the ad-

vance winding as a result of this generated voltage.

h. During the next core drive pulse, core 2 is switched from minus saturation to plus
saturation, resulting in the output capacitor of the second core being charged. After the
second core drive pulse, the discharge current from this capacitor will insert a '"'1" into
the third core and so on to the last one. Since both ends of the auxiliary winding are brought
out, the auxiliary winding may be used to generate either a positive going or negative going
9v pulse. This auxiliary pulse will be approximately 9v in magnitude, with a rise time of
8ix microseconds and a fall time of approximately one half microsecond. In addition, the
auxiliary winding can be used to insert ""1's" into the core by applying a suitable positive
pulse to pin 5 or a suitable negative pulse to pin 4. Pins 2, 3, and 6 are brought out for

additional flexibility in adapting the MN11 core to logic circuits.
2-4. BLOCKING OSCILLATORS

a. The use of transformers for blocking oscillators is common and widely understood. It
is also possible to use a square loop magnetic core as a blocking oscillator transformer
with some desirable results in control of pulse width, Figure MN-4 shows the connections

of either an MN12 or an MN13 as used in a blocking oscillator.
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Figure MN-4. Blocking Oscillator (MN12 or MN13)

b. The: 9-l‘windihg is the collector winding and could be compared to the primary winding
of a transformer. The 2-3 winding is the feedback winding and could be compared to the
secondary winding of a transformer., The 4-5 winding is the reset winding and has no coun-
terpart in a conventional transformer. The reset winding is 8o connected that the current
through the reset winding will drive the core into negative saturation. The transistor will
normally be cut off, but when triggered by a negative pulse at the input, will go into con-
duction. The resulting collector current applies positive ampere-turns to the core and the
flux moves from H toward A and B. The resulting flux change in the core is sensed by the
feedback winding and a voltage is generated, making pin 3 negative. This negative going
voltage is applied to the base of the transistor and drives the transistor into heavier con-

duction.

c. As the transistor conducts more heavily, the rate of change of flux increases, resulting
in an even more negative voltage being applied to the base of the transistor. This feedback
very quickly saturates the transistor (approximately one microsecond), but the collector
current is limited by resistor R2 and the voltage generated in the collector winding of the

core. As long as the core ie still in the process of switching from minus saturation to plus
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saturation, the core and its windings act as a transformer and the feedback winding conti-
nues to drive the transistor into saturation, When the core has finally reached saturation
(B on hysteresis curve, Figure MN-1), additional ampere-turns from the collector winding
will no longer result in a change of flux and no additional voltage will be generated in the
feedback winding. This removes the drive to the transistor, which i;nmediately cuts off,

removing the ampere-turns from the collector winding.

d. Current through resistor R3 and the reset winding now starts to apply ampere-turns in
. the negative direction again and drives the core from position D to ¥. This results in a re~
versal of flux in the core, which reverses the voltage generated in the feedback winding.
Pin 3 now becomes slightly positive, insuring a rapid cutoff of the transistor. Since the
duration of the output pulse depends on the time it takes to switch the magnetic core, the
pulse width depends on the core used and is relatively indel;endent of the load on the block-

ing oscillator.

e. Two blocking oscillator cores are used in Milgo equipment: an MNI12 and an MN13.
The MNIZ will cause a pulse approximately 10 microseconds wide to be generéted by the
blocking oscillator, while the MN13 will cause a pulse approximately 40 microseconds wide
to be generated. It takes approximately 30 microseconds to reset an MN12 core and approx-

imately 80 microseconds to reset an MN13 core.
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TN157
TUNING FORK OSCILLATOR

The TN157 is a transistor oscillator which is frequency controlled by an external
tuning fork. The circuit is designed for use with a 1000 cps tuning fork, but operation is
extended to include a 480 cps tuning fork by the addition of an external capacitor between

pins 3 and 6.

A signal at the input, pin 8, is capacity coupled to the base of Ql, which amplifies
the signal. The output of the first stage of amplification, pin 6, is coupled through C2 to
the tuning fork and the output amplifier consisting of Q2 and Q3. As a result of being

driven by QIl, the tuning fork resonates, providing the desired frequency at the pin 8 input.

,/ Transistors Q2 and Q3 are used in a Schmitt trigger circuit which produces a
saturated square wave output for a sinusoidal input to R4. As the input at the base of Q2
goes negative, turning on the transistor, its collector goes positive, turning off Q3. This
positive feedback also exists in the case where the input to Q2 goes positive, generating

the desired square wave output,
A warm up period is required for the oscillations to build up to maximum amplitude.

This is due to the mechanical characteristics of the tuning fork., The warm up period may

vary from 15 seconds to approximately two minutes.
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